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1. INTRODUCTION AND OBJECTIVES

The Energy Policy and Conservation Act (Public Law 94-163, 22 Decembér 1975), as
amended, authorizes the creation of a Strategic Petroleum Reserve (SPR) to store up to
I billion barrels of oil for use in the event of an oil import disruption.(1)* Present plans
are to achieve a 750-mr .llion-barrel goal by expanding three of five existing storage sites

and by developing a new site at Big Hill, TX.

The SPR storage sites are connected by pipeline to three marine terminals for oil fill and
to additional pipelines for oil drawdown and distribution during an oil-supply disruption:

° Seaway complex: The Bryan \Aound storage site is connected to chillips
Petroleum Company's terminal (formerly the Seaway terminal) in Freeport,
TX; to the Phillips refinery at Sweeney, TX; and to the ARCO marine

"terminal at Texas City, TX.

° Texoma complex: The West Hackbﬂrry and Sulphur Mines storage sites are
connected, and the Big Hili storage site will be connected, ta Sun Oil
Company's marine terminal in Nederland, TX.

4

° Capline complex: The Weeks Island and Bayou Choctaw storage sites are
‘connected to the government-owred St. James marine terminal on the
Mississippi River; and io the LOCAP pipeline, also at St. James, LA.(1)

Responsibility‘ for overall program management and planning lies with the Department of

Energy's (DOE) SPR Program Office in Washington, DC.

The SPR is segregating the crude oil it purchases into four grades or qualities. These
grades are light gravity-low sulfur, intermediate grévity-intermediate sulfur, intermedi-
ate gravity-high sulfur, and heavy grovity-high sulfur. As of 31 December 1986, 191
million barrels of light gravity-low sulfur crude were segregated in 19 caverns, with 234
million barrels of intermeciate gravity-high sulfur crude segregated in 25 other caverns,
A single cavern is dedicated to the storage of 11.2 million batrels of heavy 'gravity-high
sulfur Maya crude, while Weei'gs Island mire contains the Reserve's entire 73-million.

barrel stockpile of intermediate gravity-intermediate sulfur crude,

* Underscored numbers in parentheses refer to the list of references at the end of this
report.
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During a disruption of crude oil imports to *he United States necessitating a drawdown of
the SPR, it is probable that transportation fuels refined from SPR crude oil will be
acquired by the U.S. military forces. These fuels may be used almost immediately, or

they may become a component of prepositioned reserves subject to long-term storage or

they may be added to tank farms for relatively short-term storage.

To date, no products have been commercially refined from the segregated SPR crude oil
streams. The crude oil sold during a test sale and drawdown in December 1985 and
January 1986 was commingled with other crude oil stocks at refineries pnor to being
processed, While the consensus among refmers is that they will be able to obtain
products from the segregated SPR crude oil streams with little or no refining difficulty,
no thought or study is known to have been given to additive treatment, storage stability,

or upgrading response of these products.

The technical responsibility for research on mobility fuels within the Department of the
Army resides at the U.S. Army Belvoir Research, Developrnent and Engineering Center,
one of two research centers under the U.S. Army Troop Support Command. The
execution of this technology base prograrn is supported by the Belvoir Fuels and
Lubricants Research Facility (BFLRF), a Government-owned, contractor-operated labo-
ratory located at the Southwest Research Institute (SWRD in San Antonio, TX. A
primary mission of both the Center and BFLRF is research on transportation fuels used
by the U.S. military and NATO allies. BFLRF has performed research on storage of
crude oils/finished fuels for DOE's Strategic Petroleum Reserve Office in the 1976-1979

' time-frame (2-4), and has developed a computerized crude oil characterization program

industry,
2
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for the U.S. Army.(5)

Accordingly, the objective of this program was to investigate quality of diesei fuels,

‘distilled from the eight SPR crude oil streams. Each of the crude oil streams was

actually a mixture of crude oils, with one exception.

This report details the methods used to produce diesel fuels, the results of tests on their
characterization, and provides recommendations for follow-on studies, which should

generate further valuable data of interest to the 'U.S. Army and the U.S. refining
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II. BACKGROUND

The Strategic Petroleum Reserve has been storing crude oil since 1977. Crude oil is
separated into the ‘rather broad categories of "sweet" and "sour", depending upon sulfur
content. Nearly two-thirds of the reserve is high sulfur or "sour" crude, i.e., it contains
in excess of one percent by weight of sulfur. Crude oil received through 1986 came from
20 different countries throughout the world. Because of the diversity of crudes
purchased for the SPR, there has been concern about compatibility on mixing and
stability during mixed storage. Crudes may be mixed through 1) commingling before
storage, 2) turbulence during cavern "pump in", 3) diffusion, convection, and gravity
during storage, and 4) drawdown exercises or when withdrawing crudes for sale. Partial
assays of these crude mixes have been published but only recently has distillation and

characterization of sngmfxcant fuel fractions denved from SPR crudes been performed

In @ July 1985 letter of agreement to NOE from U.S. Army titled "Charactenzatxon of

Dxesel and Aircraft Turbine Fuels From SPR Crudes," it was stated:

e "Over the next 12 months, the SPR will provide BFLRF with 500-gallon (IO—'

barrel) samples of each of the exght SPR crude oil segreganons'

) "Using a pilot-plant still, BFLRF will refine these eight crude oil samples to
obtain 190- to 200-gallon samples of the fuels of interest for detailed

characterization;

. "The refined fuels will be used in linited full-scale engine evaluations and

subjected to upgrading to DF-2 quality; and

¢  '"Complete study results will be provided to SPR for review and comment

prior to publication."

From December 1985 to January 1986, the Strategic Petrolecum Reserve Office (SPRQ)
conducted a test- sale and drawdown on four of the eight SPR crude oil streams.

Concurrently, 10-drum samples of each cf the eight SPR crude vil streams were

. collected for use in this work.

................

.............
...................

L"_.-\H.A‘K‘P DYV, W VR PR, PR R A;‘.:'A‘A'.A_A s .A.J' PIIO)

Bl o B

h's s & a.a -




M. STATEMENT OF APPROACH

A.  Approach

i .

The crudes were to be distilled to provide naphtha, middle distillaté, and bottoms
fr,actic;ns. Two of these fractions were simply. to be set aside. The middle distillate cut
was to be characterized and.any difficulties/peculiarities in the distillation effort
documented. This was to be a moderate-scale distillation effort rather than a
labor,atory-sc'ale process, Key chemical properties were to be measured via standard
laboratory testing, supplemented by bench testing and, possibly, limited full-scale engine

testing.

B. Program Plan

‘Key' activities in this effort included:

. Review and evaluation of present SPR crude inventory and assay relationship

. to refineability ‘

° Acquisition of samples from the éight SPR crude streams

' Physical/chemical characterization of crude streams (crude assay data)

] Distillation into ;‘)redeterm'med fractions and complete chara.cterization of
" these fractions versus VV-F-800* (6) requirements or other specifications

° Comparison of SwRI distillation yields with crude assay data

. llnte'r)sretation of distillate characteristics in terms of ref’rneabilifz

e ' interpretation of fuel characteristics in terms of field expedient fuel program

requirements and fuel stability

* VV-F-300 is the Federal method which specifies three grades of diese! fuel,




IV. EQUIPMENT AND MATERIALS

A. Crude Qil Samp

1.4

S

Preliminary assay data published in the Federal Register (7) were used for scope and

planning purposes and are included as Appendix A. These eight crude oil stream samples

are:

1.  SPR West|Hackberry Sweet 5.  SPR Bayou Choctaw Sour
, 2. SPR Bryan Mound Sweet 6. SPR Bryan Mound Sour
3. PR Bayou Choctaw Sweet 7.  SPR Weeks Island Sour

4.  SPR West{Hackberry Sour 8. SPR Maya

A complete crude oil|assay of each SPR crude oil stream was performed by the National
Institute for Petroleum and Energy Research (NIPER). These results are included as
Appendix B, and it is noted that the NIPER samples were collected separately from those

employed in this work.

Initial tests of the |delivered crude samples (measurement of API gravity) indicated

consistent quality of| crude from drum to drum for each sample. Results are shown in
TABLE 1. Comparison of these data to both the preliminary and NIPER assay data was
excellent and indicated that all samples were properly labeled and identified.

I
TABLF I. Gravity of SPR Crudes at BFLRF Compared to
Other Gravity Data ‘

. APl Gravity
BFLRF BFLRF NIPER Federal
Crude Qil Name No. By Drum Number Avg, Data Register
1 5 10
Bayou Choctaw Sourt  1072C 33.3 33.3 33.3. 33.3 33.6 31.0
Bayou Choctaw
Sweet 1071C  36.3 36.3 36.3 36.3 3.5 36.2
Bryan Mound Maya 1658C 22.8 23.4 22.9 23.0 22.9 22.1
Bryan Mound Sour 1059C 32.7 32.6 32.¢6 32.6 31.5 33.2
Bryan Mound Sweet 1060C 36.5 36.6 36.7 36.6 36.0 36.2
Weeks Island Sour 1073C 28.9 28.9 28.9 28.9 23.9 29.7
W. Hackberry Sour 1064C 33.4 33.5 33.4 33.4 33.1 33.1
W. Hackberry Sweet 1065C 38.1 37.9 38.1 38.0 38.1 37.0




All crude charged to the system was prefiltered through a 40-micron sock filter to
remove particulafe matter and to provide some dewatering of the otherwise untreated
crude oil. The crudes were not desalted as is the conventional practice for a normal
. refinery because the hardware capability was not available. The salt and water contents
of crudes stored in the SPR were known to diminish with time as a result of settling out

due to gravity; the concentrations of salt and water in the samples used in this program
were not determined. The volume of filtered crude charged to the system feed tank was
measured by a level gauge on the tank.

B. Pilot Plant Distillation Apparatus

A simplified flow diagram of the coﬁtinuous pilot plant distillation apparatus used in this
study is presented as Fig. 1. The design and construction of the apparatus have been
described previously.(8) The distillation system modules are illustrated in Fig. 1, and
the operating procedure is described below. The eight modules of the distillation system

are:

Feedstock storage and delivery
Distillation column

Inert gas delivery -

System pressure control
Overhead distillate recovery
Overhead product storage
Bottoms product recovery

Bottoms product storage

The feedstock storage and delivery module consists of a 350-gallon stainless steel tank,
feed pump, flow meter, feed preheater, and associated piping and valving. The column
module includes five separate feed port locations along the length of the column, a
rectification furnace (top half of the column), a stﬁpping furnace (bc.;ttom half of the
column), a reboiler, and reboiler furnace. The ‘column is 13 feet in height and is packed
with Goodloe packing. Inert gas feed to the column is regulated, metered, .and
introduced {o the column through the reboiler,

The overhead distillate recovery system consists of an overhead vapor condenser, a gas
liquid separator, a reflux splitter which diverts condensed liquids either back to the
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‘column or to product collection, an overhead product receiver (5-gallon capacity), and

an overhead product pump. The system pressure control is an extension of the overhead
distillate recovery module that has a vent or vacuum port connected to the gas/liquid
separator. Pressure is controlled with a vacuum pump and bypass control valve. The
bottoms product recovery module consists of a bottoms product cooler, bottoms product

_ pump, flow meter, and recycle line.

The overhead product storage module (not shown in entirety) receives distillate product
through the overhead product transfer pump. This module also includes a product
transfer pump., The bottoms prodhct storage module (not shown in entiraty) receives
product through the bottoms product pump directly from the column and includes its own
transfer pump. The product storage tanks are 250-gallon capacity each.

System conditions are controlled by é computer which monitors system temperature,
flow rates, and pressures, The computer software package provides interactive
communication with' the process; time event programming, and data lagging features.
Material balances were aided by volume level gauges on the feed tank, overhead prod'uct
receiver, bottom product storage tank, and overhead product storage tank.

Operating conditions of record included feed rate, preheater temperature, rectification
temperature, stripping temperature, and reboiler temperature, The feed .rate ‘(gallons
per hour) was controlled by a meter setting on the feed pump. This wa's adjustéd to
provide maximum flow rate at desired preheater temperature without stressing the heat
duty of the preheater beyond 90 percent. The rectification temperature is the control
setting for the rectification furnace, which adds heat to the top half of the column. The
stripping temperature is the control setting for the stripping furnace, which adds heat to
the bottom half of the column, The reboiler temperature is the control setting for the
reboiler furnace which adds heat to the reboiler bot. The reboiler is attached to the
bottom of the column, and a liquid level is maintained in it to control flow to the
bottoms product storage tank, Nitrogen stripping was used in each run to assist in
removing light components from' bottoms fractions. The overhead product reflux ratio
was varied from [:1 to 5:1 (reflux:product).



V. PRESENTATION OF RESULTS

A. ‘ Preoperation Shakedown

Because no crude oils had previously been distilled with thg unit, the distillation

apparatus was taken through a preoperation evaluation. Several minor repairs were

required as preparation for operation. A special feed and filter system for handling
crude oils was designed along with a heat-traced bottoms-handling system. The column
was also equipped with a vacuum system to permit lower temperature distillation of
crude oils, As a shakedown run of the modified unit, diesel fuel used in another BFLRF
program was distilled in 25 vol% increments. Following this shakedown, and completion
of other modifications to the column to allow operation with crude oil, West Hackberry
Sweet crude oil was charged to the unit for the initial run.

B. Resuits of Preliminary Test Run

West Hackberry Sweet crude oil was chosen .for the initial run because it represented the
"lightest” (or lowest gravity) of the sweet crude oils. Accordingly, it was expected to be
the easiest crude oil to process. Minor problems with the electrical, vaccum, and feed
pump systems, piping, and computer control were encountered in this initial run. While
these problems individually were not significant, together they resulted in an
* unsuccessful test run. The data in TABLE Z resulted from the first attempt to distill

crude oil using this system,

TABLE 2. Yield Data; Preliminary Distillatioﬁ of
West Hackberry Sweet Crude Qil

Gravity,
Description Yield Data D 86 Data Sa.p1
‘ gallons  vol%lf)  IBP,OF (9C) EP, OF (°C)
Naphtha 25 23.6 38 (3 492-494 59.3-60.4
(253-237) '
Topped Crude 3 2.8 NA NA NA
(unprocessec)
Dist, No. ! 3.3 0.3 NA NA - NA
Dist, No, 2 2 1.9 213(129) 436 (236) 47,3
Dist. No. 3 1 9.9 276 (134) 331 (260) a7
Dist, No, 4 4 3.8 288 (142) 494 (257) Ve
Dist. No. 5 s 3.8 423 (217) 390 (310) 7.7
Dist. No. 6 12 (S ] 454 (234) 631 (344 35.3
Bottorns 3. 2.3 380 (193) NAl2) 27.3
Unacco‘inted torll) 2.3 23..
Totalt! 156,50 190.5
{1 based on two drums charged to stitl at 33 gallons per drum.
(2)cracked at 7209F (38200),
9
T e T T N T T e A e P A N e A N e N e NN e



No attempt was made to reconstitute a 3500 (1779C} to 650°F (343°C) fraction from
distillate samples ! through 6, nor was any VV-F- 800-type analysis of a distillate oil or
reconstituted blend attempted. This is because the wide range of D 86 data for the six
samples, plus the large amount of material lost or unaccounted for (23.1 vol%), raised a
serious question concerning the representativeness of these samples. The tabuiated
results thus indicated that a redistillation of West Hackberry Sweet would be necessary

if project objectives were to be met.

Because the pilot distillation column is only capable of making a single fractionation per

pass, it was necessary to collect a naphtha fraction in the first pass and then redistill the'

bottoms product from that run to obtain the desir=d boiling range product. In the case of
two crude oils (Bryan Mound Sweet and Maya), this procedure was modified by removing
both the naphtha and diesel fuel fraction in the first pass and then the naphtha was split
from the diesel fuel fraction in the second pass.

C. Distillation of Eight SPR Crude Qil Streams

A total of 2.5 to 10 gallons of distillate product in the DF-2 boiling range were prepared
from each of the eight SPR crude oil mixes. Characterization of these materials was
conducted using standard ASTM methodology. All distillate samples were stored in a
cold box, as were the naphtha fractions, in order to minimizg deterioration of p‘roducts
prior to analysis. The one sample of middle distillate from West Hackberry Sweet
originally prepared under less than optimal operating conditions was replaced by
repeating the distillation of West Hackberry Sweet crude oil. The column operating
conditions employed during distillation of the eight crude oils are presented in TABLE 3.
TABLE 4 represents a comparison of actual to expected yields based on c'ru&e‘ assay data.
Analytical data for middle distillate fractions obtained are presented in TABLE 5.
Arithmetic balances performed on certain chemical/physical oil propernes are shown in
TABLE 6. Trace element content of the crude oil mixes and filterable particulates from
the middle distiliate fractions are provided in Table 7. The 80°C storage stability test
date are included in TABLE 8. Because of the relatively small quantit'ies'of middle
distillate actually refined from each of the eight crude oil streams, it was not possible to
perform any full-scale engine evaluations or to upgrade any of the samples to DF-2
quality. Despite this, conclusions based on the quality of straight-run middle distillate
fuels refined from SPR crudé oil streams are useful in evaluating the quality of fuels
that can be produced by a refinery using the same feedstock.
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V1. DISCUSSION

Expected yields as calculaied from crude assays provided by NIPER are compared
against actual yields in TABLE 4. The target product was the fraction of crude oil
boiling from 3759F (190°C) to 650°F (3439C). Separation efficiencies were less than
anticipated and, therefore, some of the material boiling above 3759F was collected in
the néphtha fraction and not all material boiling up to 650°F was collected in the diesel
fuel fraction. Recovery of all the 650°F material in commercial refining operations is

also a problem unless the column is running at optimum conditions.

The eight middle distillate samples collected fall within a range of 302°F (150°C) to
4199F (2159C) initial boiling point and 5389F (281°C) to 696°F (369°C) end point as
measured by ASTM D 86 distillation. Based on these results and the available crude assay
data, data for the products obtained are in apparent agreement with expected values,
with the exception of a poor sulfur balance for middle distillate derived from Maya crude
(TABLE 6). Additional samples of the Maya middle distillate fraction were evaluated,

but no satisfactory explanation for the discrepancy has been identified..

As a general check of distillation efficiency, a material balance was run on'. the 3759F
(190°C) to 530°F (277°C) fraction reported in the crude avssay, as 'éomplete recovery of
this material should be evident in either the naphtha or the diesel fuel fraction. Material
balance calculations were made from a combination of total product recovery from
distillation operations and thz ASTM D 86 distillation curves for the recovered products.
The fraction recoveries for both the naphtha and middle distillate are presented in
TABLE 4. Actual yields of naphtha were consistently higher than assay because some of
the 375° to 530°F fraction was also collected in this cut. This is particularly trve of the
West Hackberr; Sweet and Weeks Island Sour crudes in which the naphtha run.

" temperatures were higher than other runs, based on data in TABLE 3.

The material balance for the middle distillate fractions (375° to 530°F) ranged from 90-
to ll2-percent recovery, Deviation of these recovery figures from the expected 100
percent can be attributed to measurement errors., Relatively small qualntities of each
diesel fuel fraction were collected, and the total feed was determined by difference of
what remained in the feed tank and the column and the amount collected in the bottoms

storage tank. This was compared against the gquantity collected as product, The

o
P Y S TR AN I N R TR
o 0 e et e St St e T e e e e




combination of losses in the column and the measurement of relatively small quantities
in large tanks added error to the calculations. The other source of data for the material
balances is the ASTM D 86 distillation. This method is a less efficient distillation than
the ASTM D 2892 and D 1160 methods used for the crude assays and, therefore, is not
directly ‘comparable. Considering these error sources, and discounting rheasurement
errors; recovery of the middle distillate fractions matched that documented in the crude
assays. Based on the data presented in TABLES 4 and 5, both DF-1 and DF-2 can be
: refined from SPR crude oil streams. Some upgrading will likely be necessary, however,
to ensure that products fully conform to VV-F-300 specificatiqn;.

All p}oducts exhibited good accelerated stability (D 2274 in Table 5) following treatment
with a multifunctional additive. Even in the absence of the additive, seven of the eight
products had good accelerated stability, and these trends were confirmed by 80°C
_ storage stability test results (Table 8). The cetane numbers and cetane indexes of all
products exceeded the minimum requiremerits for both DF-1 and DF-2.

While the flash point of West Hackberry Sour was unacceptably low, this product also had
the lowest initial boiling point (IBP). Cecnsequently, the flash point could be raised by
taking a larger naphtha cut, effectively raising the IBP. The kinematic viscosity of West
Hackberry Sour was also the lowest of the eight streams, but an upward adjustment of
the naphtha cut-width to raise the flash point and IBP would also raise the viscosity.
Copper strip. corrosion for the West Hackberry Sour product exceeded the specification
‘ maXimum, perhaps as a consequence of ccrrosive mercaptans being present in the lower
boiling fraction of the product. This would be consistent with the makeup of the stream
that is known to contain crude oil with a relatively high content of mercaptans. Once
again, a higher IBP may mitigate this problem for DF-1 and DF-2 products, -

All products met DF-2 requirements for carbon residue of the 10-percent bottoms, and
only Bryan Mound Maya and Bayou Choctaw Sour products failed to meet the more

stringent DF-] requirements.

The ash content of West Hackberry Sour and Bayou Choctaw Sour products exceeded the
DF-1 and DF-2 maximum of 0.0l mass%. The high ash content of these two samples
does.not appear 'to be related to the trace elements content of the samples (TABLE 7), as

other product samples have higher trace elements but lower ash contents.
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In TABLE 6, the deviation between observed and calculated values for aniline point is
positive in all cases and represents an apparent bias. This bias results from an
assumption of uniform distribution of aromatic compounds throughout the boiling point
range of each fraction collected for analysis. In fact, there is no such even distribution
across the fractions. Therefore, the calculated "contribution™ of aniline point from each
fraction whose sum comprises the observed value is directionally low. Thus, the
difference between observed and calculated values is directionally high. A similar bias
may account for the positi‘)e deviation between observed and calculated values for
cetane index. As noted earlier, an unexplainably large difference exists between
observed and calculated values for sulfur content of the Bryan Mound Maya product.

Iron and other trace elements were present in moderate amounts in the products from all
eight SPR crude oil streams (TABLE 7). This is not an unexpected result but is typical of
refinery experience wherein an overhead condensor for a distillation tower, or product
rundown pipelines, are corroded through contact with hot corrosive vapor, resulting in
the presence of scale in products. Certainly, the relatively high iron content of all but
the Bryan Mound Sweet product would be expected from corrosion of steel. The high
sulfur content of the Bryan Mound Sweet product, relative to other trace elements, may
be a manifestation of the product's instability. Bryan Mound Sweet product had, by far,
the greatest quantity of total insolubles in the accelerated stability test of untreated

samples.

The chlorine present in some samples may result from salt entrained in the crude oil and
hydrolyzed during distillation. This commonly occurs in refinery distillation operations
" and is cause for extensive use of desalting equipment. The copper ccrrosion value of 3a
for the West Hackberry Sour préduct, the highest of the eight, may have been caused by
a combination of the presence of corrosive sulfur and chlorine compounds, such as
mercaptans and hydrochloric acid, respectively. The .presence of most of the other trace
elements can be explained by the presence of scale, salt, and sediment entrained in the
crude oil. The presence of tin in one product is inexplicable, but-may be due to
contamination of the crude during collection or contamination of product during

handling.
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Normally, salt and sediment are remqved at a refinery prior to the crude being
processed, which would lower the trace element content of products. Desalting

equipment was not, however, available fof this project.

Variation among certain fuel properties ¢an be accounted for not only by differences in
the crude oil makeup of each of the SPR streams, but also by the wide range of operating
conditions employed. For example, middle distillate produced from W. Hackberry Sour
crude is close to meeting DF-l criterid, and examination of the operating conditions
‘shows that the processing used to manufacture this material was indeed quite mild. In
other cases, yield of material was nearly maximized, but at the expense of having to
sacrifice fuel quality. Fig. 2 and Fig. 3 compare distillation cutpoints to the common

specification limits of VV-F-800.

In summary, DF-1 and DF-2 can be made from SPR crude oils, but some upvgrading will

be necessary to ensure that products meet the requirements for sulfur and corrosion.

::z P V V-F~800 specs are as shown 2 o e _4
380 - ]
a0k DF—-2 mox. 90X point h
‘3 320 - | V -
?;: 00+ VA 7/ L./ , .
g a0 f / ZE
= 7} 7
1085 1060 1071 | 1084 1072 1059 1073 1058

- Figure 2. 90% point data for middle distillate fractions
from SPR crude
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VI. SUMMARY AND CONCLUSIONS

Diesel fuel fractions were produced from each of the eight Strategic Petroleum Reserve
crude oil streams using a pilot-scale distillation column. The usual trade-off between
fuel quality and quantity (distillation range) was in evidence throughout the work and
reflects the variable operating conditions. Operation'over a range of conditions was
explored successfully. ‘

The distinction between the ASTM D 86 data (on distillates) as employed in this program

and the D 2892 distillations (on crude oil) carried out at NIPER for fractions boiling up to
approximately 650°F,(343°C) influences the interpretation of data. The former test
consists of a siﬁgle-plate column operated without reflux, while the latter test
encompasses 15 theoretical plates and 5:1 reflux ratio. A comparison of data from the
two sets of work must be made with this major difference always in mind. Also, the
crude oil samples analyzed at NIPER are from the same streams as those used at BFLRF,
but the two éets of samples apparently were not collected at the same time, The effect
of this difference is considered to be minor. -

Overall, the data indicate that diesel fuel produced from these crude oil streams will
have a high cetane number. In vgeneral, the middle distillates produced by distillation of
SPR crude oil can be expected to be stable. Good stability was observed for seven of the
eight untreated products. For the one product that exhibited poor stability, the addition
of a multifunctional stabilizer additive proved beneficial in that no increase in the
formation of deleterious products was observed following additive treatment. Results of
fuel storage tests at 30°C were in agreement with the accelerated stability test results
obtained by D' 2274 and indicated good stability characteristics for the additive-treated
prodicts. ‘ '

Because -of operational problems, it was not possible to obtain fuel samples in the
quantities criginally hoped for and, consequently, it was not possible to perform any full-
scale engine evaluations or to upgrade the fuels by hydrotreating.

Nonetheless, the data obtained on the straight-run untreated fuels indicate that
transportation fuels conforming to VV-F-800 specifications can be obtained from the
SPR crude oil streams. Fuels on the market today which meet YV-F-800 specifications -
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have most likely undergone some upgrading. Therefore, the SPR crude streams and the
fuels refined from them are essentially no different than other refinery feedstocks and
unfinished product streams. Integrated U.S. refineries producing such fuels have the
capability to perform the upgrading necessary to make these fuels fully conform to the
specifications. It is likely that high particulates encountered in this work would be
eliminated by crude pretreatment and product finishing,

In. summary, DF-1 and DF-2 can be made from SPR crude oils. However, some upgrading
(e.g., hydrotreating) will be necessary to ensure that products meet specification
requirements for sulfur and corrosion that may not be demanded in a field expedient

fuel.
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VIl. RECOMMENDATIONS

To more fully evaluate the quality of middle distillate fuels (both diesel and jet) that can
he obtained from SPR crude oil streams:

] More distillate should be refined from selected crudes
--Addxtxonal drums of each crude are available
—-Operatmg experience gained from thlS study will allow more eifxcxent
distillation; '
. Samples should be upgraded by hydrotreating at a variety of severmes,
especially if jet fuel productlon is anticipated; and
[ Full-scale engine tests should be conducted on both treated and untreated
-fuels.
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R
U. 8. DEPARTMENT OF ENERRCY
. STRATSGIC PETR20LEUN RRS2RVE
o - CRUDS OIL ANALYSIS
) - '
. Dats curreat ss of Decemder 1, 1983,
but subject te change
. STREAM  SPR Bcyan Nouand Sour
; ' , runnuu. Seavay Terminal, Preepoct, Taxas
§ WROLE CRUDS:
! Specific Graviey _0.839 VP, pet 3.0 max,
APl Gravity 33.241.0 Newtralisatios ¥o._<0.15
© Sulfur, We. 3 1,71 £ 0.10 - UOP °K" Pactor 11.83 Mercaptans, pp; 43
Witrogen, We. 3 _ 0.103 Org. C1, ppm _TRD® SUB Viscoeity (eSt)
. Carbos Rasidue, We. T 4.74 0.D. Color __13,900 e (¢ 1.68)
Pour Point, °7 < R2S,ppm _<1.0 100 °7 &4 ( 5.51)

DISTILLATION TO 1000°F:

Fraceion , 1 2 3 4 ) L) 7
_ & | 5% 30°%- | 35%=| W-| o=
' O Tewersture 1 1Sy 2507 73 b3\ 4 630'? { 1000°7 | Restdum
B . 13 50 [ 158 | 0.5 | 130 | &1 | iy
w. 3.0 8.7 18.1 12.8 12.9 | 2.0 214
| Tc Goavity TA%| O8] 0. o.hd| O.B5| o.yBl 158
—APL Oravity .2 3.0 2.0 .y | RO ) &I 3.6
Sulfur, W, X LT m 8] 10| 18] .8 '
AN TR ¥ LT LY Loy
Hercaptars, poe 2 33 ] 118 6 L Ll KLl
: T, L L e I L B TR
Cotane Index L L L L IR . Blllydaadand
' L L L L LTI L LI LT LI
Ard Line Polre, 7 TN TR [ 147.0 . .
L L L Lt el L L L L L L L W el
SR Vise.. Y1 7T | FARARRREN TRAREARIR 9T 'Y - - i dndlelnnd
N O L L L W L]
[ N LG LG L, I T Y O I L e
) UL IO B, I - 1 9B | Iy
I L L L L L L L I gy gL g
[Clas Poire, F PRI IITTR TG T 18 | B ||
o ARRARRRAA FPRRSARAN PAAREASAN RARRRASIA PRFORARAN PIRORPARA ARAMMAANAM |
Fresse Poire, 'Y FRRPEFAIA APRFARRAR FRRDITIAR <31 mwm | FRARMAMARE
e Ll L L L L L R,
[Fitrogm, ®. ¥ L L L L, RS R ) S, I
LTI TRMRTRIRN AW ATN FRATANEN M AR LWWW
[ Carton Reside, . §_| FOFAMAN BRRGFHITA FOTAHFTN FRrIaTaTN THF 0.2 | 2.0
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__f——i
- ~ ikt D-—-$PR Cruds O8 Stream Characheristics
i U. 8. DEPARTHMENT OF ENERCY
STRATEGIC PETROLEUM ARSERVE
CRUDE OIL ANALYSIS
Dets current ss of Decesber 1, 1983,
but sudject to change
. STREAM _ SPR Brysn Mound Sweet .o
TERMDIAL __Sesvay Terminal, Preeport, Texas
VHOLE CRUDE: . | |
Specific Gravity _ 0.844 : RVP, petl _ 7.8 max.
A?PL Gravity 36.2 2 1.0 : Reutralisation No. <0.14
$Sélfur, Ve, 2 0,32 £ 0.03 TOP “K° Pgctor 11.63 Mercaptans, pre 8.4
Nitrogen, We. % 0.099 . Org. C1, pom _TRD® SUS Viscosity (cSt)
Cacrbon Residue, Ve, % 2.6 .0.D. Color _ 9100 77 v 53 ( 8.28)
Pour Poine, °7 33 R28,0pe <1.0 100 °P 42 ( 4.89)

DISTILLATION TO 1000°F: L

Fract{an 1 . 3 & S ) 7
AR %= 80%= ] V3= "EC'L‘W_-
| O Teperstuwre 17%°7 29%0°7 315 Yy 630°7 | 1000°7 | Restdam
™ Val. ¥ 8.2 A ] 13.2° ] 14, 8.0 | 8.2 L% )
=Y X 7. 2.6 1 14.5 k.S N
Sgecific Gravity 0,662 .78 0./81 _ O0.2%|  O.B& o0.%08] o098 |
—API Gravity A | 615 | &9 | W3 . .3 B.1
ETITATe e e R 3 a2 e e
: TAATRARIA FRIARIAIN FRFHIRAAR TRRAAITY THRIATLSN FRAAEAITE TR IRnay
Mercaptars, OB RE) 14 2% ki) 0 L L L L
= AL L'mn, Ll L I,
Catare Lndex LI L T 45.8 Q.1 |G Ry
AERTIREIA TRRARATRA FATRpI AN DAARFAARA FRAFFFAAA FRARRFARA FRRARRRAAAD
Adliom m, o B LI X . 5| FERIERREy
sw S Visca, Tt 17 Ll h L » - - L andannd
o I L -] P L aned
. B | A R - 1.0 [ 1IN |
‘ O L UL - - _’-’am_
: L e
“Clod Poire, ¥ L L L L s 100 | AAAAsaaas
L L L W L Wl e e dinniied
‘—--—-—-————‘-m-—M"’g s ' r:' :t ipr : ""', r :'r 'rx.ry ;"""f'?'
11! n 1y rrpt t“““{[ REREEEN ~ 5.0 5.5 'A . o8
* 0 B EEROED
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b
Ue. S, DEPARTMENT OF ENERCY
STRATEGIC PRTROLRUM RESEZRYVE
-. CRUDR OIL ANALYSIS
) Dsta curtent as of Dacemder 1, 1983,
but sudject to change
STREAM _ SPR ¥rvan Mound Mays
TERMINAL  Seevay Tarminal, 7reevort, Texas
WHOLE CRUDE: '
Specific Gravity  0.921 , . RYP, vel ' 3.7
APY Gravity 22.1 + 0.3 Neutralization ¥o., 0.21
Sulfue, We. 3 3.2% + 0.22 UOP “=" Factor 11,71 Mezrsptans, pps 53
Nitrogen, Ve, 2 0,347 Org. C1, ppm 3.6 $'% Viecosity (cSt)
Cardon Residue, We. X _10.5 - 0.D. Color _ 31,200 200 _°F _340_ (73.8)
Pour Point, °7 <3 A28, ppnm <1.0 e P AN (36.59)

DISTILLATION TO 1000°F:

Fraczion i 1. 3 s ]9 s 3
TG | 15| 350%= | 3iste I s 6%% |

Qrt Tewarature 17%° | 2%° | sy | 3307 | 60077 ! 1000°7 | Restdanm

Vol. % 2 S 10,7 9.9 | 117 1 _D.a 35.8

w, ¥ ~ 3.4 3.2 3.0 8.7 | .. | 2.4 W
[“Spectfic Cavigy D41 0.N8] 0.JB] _ O.a31 0. %) 0.9381 1.057

—

APL Oravity ‘81,0 | 65.6 9.3 &0.6 . 19.8 .6
~Gdfur, W&, & TR, TR R e 1.0 .2 1 3.0 LY
"'""" TRREITE SOAREIR FAARR 7 WA e R A RRrap ik OrIn RIS

Varcwmotane, pos 13 30 bLY) 3 FrARFTAIN RRBAGRAR RadpARIAARAR

. REAATARAN PARPRRRAR ARRASARAR AAARRARRA AARRAEAAN AAREEARRA DaATRRARARD

Cotare [ndax AEARRSRAN PARRARIRN AAAAAAAES AT .8 58,1 1 ARAARASNA [ Lrrrrrey
- L LT L I L L L, L L N L L Ll

Andline Poine, 7 TR TR QAT AT 1 1558 | VAT [ FARaaa
| v FRRRTARAN FRRRTRGFN STRGERAN FRTRITERN YURNARTER SRARAAARN gy
[SW Vise., V2 TV O T WL L L ) - -\ FRIRARREART
! 100 | Frarasian IReaaaain T3N3 2 2 | - Fiesadiaund

10 SIAREROAR BRAR Ll e, RS ) V13 LT

180 TR N LSl N o LT ]

, e WL L WL e L L WL L W Ll

Closd Poix, 7 LI KL L L pTy 10 RAARRSARAAD

N FRPPPIARA ARARSIAAA ARRIPPIIN ~ NOAPEIAR PAFRRIAAR FRASARIAN PARRARS A

Freass Pole, ¥ T R | PARRSAAAR 29,2 | PAARASIAA ARASASARN ARARAARARAS
- L K L e WLl LA L AL L e

N trogn, X, T TV TR Ll i, . v AR 272 I
‘ T T R I L L R il dd

Carhon Residus, W, 1 | A##44RA14 Radadass TRRAaaup TRARATnAR ARRNARAS .17 13.6
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74
IR -
Us 8. DEPARTHENT OF ENERGY
STRATEGIC PRTROLRUM RESERRYVE
CRUDE OIL ANALYSIS '
- " Data cwrrent as of Dacesber 1, 1983,
Wt subject te changs
STREAM __ SPR Vest Rackbder:iy Sweet
TRAMINAL _ Sun Terminal, Nederland, Texas
WHOLR CRUTR:
Specific Gravity __0.840 ‘RVP, pei , o2
APY Groity 37.0 & 0.3 , Beutralisatios No. O0.14
Sulfur, Ve, £ 0,34 & 0.05 OOP °K° Pactor 11.90 Marceptans, pre 7.4
Witrogen, We. £ 0.103 Org. C1, ppm _TBD® SUS Viscosity (eSt)
Cardon Residus, We. 3 _2.19 0.0, Color _ 8100 1. °7 A3 ( 5.80)
Pour Point, °7 23 NS, ppe <1.0 100 °F 39 (3.%)

DISTILLATION TO 1000°7:

Fraction 1 2 3 1@ S [ 7
- 5% | 0= | 35 | S0°= | %=

Qs Texwrature 175°7 2307 sy | S0 | 60°7 | 1000°7 | Residam
' ] . »
VT 5.y \ 1Y S SRR LT ) 1521170 oo N WYY
X 3.3 % S 3. 0 N 1 S N /9 A B 5 14
‘ 1e Cravity ~ 5.1 OoB1 0.8 0. . 0931 0.9
1 orwviey a1 6.5 ! B3 | Wl | B S | 152
T TARAAAFAR FRADARRAR FHARIAFIN IFATEAIN FRANEGAAR FRRARATRN AARAARAAA AR
Hercapesre, pon 113 ] - S T QR 1 WL L L
‘ (XIATTATIR TRATERTRn FRRvEIR FP R AR an TARNRERAN TARAA NN RANAARRARAN
Cotarn Index L Ll LI L I Ll I ) 1.3 | FRPARRIRA AARIRRRERE
| S TRETAXKEN FRRRAAeN KAXARERAR YRAARTRRR RATNARFAR PAARARANE RRARAAARAAD
[Tindline Poire, ¥ | HATIN | U T Y S I L
o L I el Bt L L Wt L b L Ll B iudad
S8 Vise., T 17 e L % - - L it
‘——&"_—Tn Ll L L L L et Ay | - il dismnd
‘ 130 ToTAmTIR THTRGIN - | 8 1 10 1L
O RN L Ll M, eV W |
) L L L L L L Lt L L WL L WL e
m b 2 adamaiadal sl L UL i
e T AREARRRRR PARRARARR RPRD 7o L L R and
TR TG P A UL ) P I Il s Bdandadaisinad
"'Ni — L L L WL L WL Wi Ty
\ 4 4 # [ 1] o s Uom
[ e Lo L B WA L LT W L L L
Cacton Rasidam, WR. TREATIRAA FTERITR L L L, 18.27
* P R NTROD
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U. 8. DEPARTNENTY OF ENERGY
STRATEGIC PRTROLEUM RESERYR
* . b CRUDE OIL ANALYSIS
) Dets current as of Decemder 1, 1983,
but subject to change
STREAM  SPR Vest Wackderry Sour
TERMINAL _ Sun Terminal, Nederland, Texas
WHOLE CRUDE:
Specific Gravigy 0,860 RYP, et 5.3 max.
APl Gravity 33.1 & 1.0 Reutralisation Yo, <0.12
Sulfur, We. % 1.71 & 0.10 UOP °X° Pactor 12.02 Marcaptans, ppm 19
“Herogen, We. £ 0.108 9rg. C1, pew T3D* SUS Viscosity (cSt)
Cardon Residue, Wt. T 4.04 0.0. Color T¥D 77 °?  S9 (10.0%)
Pour Poine, ¥ <30 RS,ppm  _ <1.0 100 °F %3 ( R.28)

DISTILLATION TO lDOL'P:

fraction - 1 2 h) 4 S L) 7 -
& 7%= L‘!‘Eﬁ = 0= | -
Ot Teperature 175°7 20 375% $0°y 650°7 { 100°7 | Residam
Val, ¥ 3.6 | 7.6 16,27 14.3 129 Al 17.7
X L
(T 2.4 6.3 u,.a—L-rn. .1 2.3 2.0
| Specific Gravity RS R e  Y e } EC-2 F S /Y R V) G
L_Ai"‘tc:--my X .3 31.¢ a7 | %.3 a8 1. LY
[ Sulfer, w. X TRV TRV R 0.% 1.14 2.45 1.5
o L L L B L L i L L L ] TAXRARRn Ty
Mercapesrs, pua 0 A3 <] 63 NG VAR aaaany
TRAFAAAIS TRIRN IR TR RA AT AAR TR uraiuy FRasa vy Fnpaqaaxy
Cetars Lrdew ARARARRIA 7 Al ({77777 v 0.0 | FAHIRRAAR DRRAAARAAR
L L WL L L A QL WL L L LAl L L
Ard Line Poine, 'Y SRR IR TR 1432 375 10.0 | sAArrspaaay
| \ TR FTRRIE YRRk TR AR TIRRR 10 [TV WA saas
S Visc., W 17 L L L LS L 7Y - - | ey
] L L L L I 5 %] -
1D | FARITEIN TR T - LY A | A0OMeasg
1 LI LI g L L - - ") i1 3
» L L L L L Ly L L HONGEaY
m FYSTARIIR ~ARANAL AN ARORRTEAN §, i :
L JAPARAtAA FROAMIRAA FAPAAARAR TRAGAGRAN FRENEATTN o aiaaod 105 MANMAE
Freess Poie, 7 Ll AN TRETIN B | Ry Foan i
‘ﬁ »w 1
Mtrogm, V. T s . U3
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A
U. §. DEPARTMENT OF RNRRCY
STIATIQIQ PETROLEUN REBSERVE
‘ . CRUDE OIL ARALYS:S
= Data current ss of December 1, 1983,
N but subject to change
STREAM _ SPR Bayou Choctaw Sweat _
TERMINAL _ SPR St. James Terminael, St. James, Lousiana
¥HOLE CRUDE:

" Spacific Gravity _ 0.844 _ RYP, ped . 3.6
AP Gravity 36.2 £ 1.0 Neutralisation No._ 0.09
Sulfur, We, 2 0.35 £ 0.03 OP "K” Factar 12.19 Wercaotans, pom 27
Witrogen, We. £ _ 0.098 . Org, C1, ppm . _TBD® SUB Viscoeity (eSt)
Carboa Residue, We. £ 2.8 0.D., Color TBD .77 °" S8 (8.91)
Pour Point, °? 33 H2S,pon <1 100 °P 49 (7.06)

DISTILLATION TO 1000°F: '
Fraczion 1 2 3 1 & s ¢ [ 1

& [ I8%=[ &%-] 8= =] 0=
Ot Temparaturs 1759 2507 3757 %y 650°7 | 100°7 | Residam

VL Y T 30 L B8 8 | T | %8 | 16
W, ) T8 [ 80 | 108 | B3 | Wy [ 75 | i~
Specific Cravity w81l O.TR] O.J8] .88 O.B1]  0.33] _ 0.9%

[_APT Gravity S ] 6ld | W8 | D0 | R | B2 | DS

[ Sulfur . X it W o e Mo B O 0 X7 0 D 5. N

) AARARRAAN AARARRRTR RATRARTIEN ARRARAREA FRA BRAFAAREN, FRRARMARERY |
|_Mercepears, pom 18.5 2 0 3| AAFRRRARA FARRARRRN FARRFARAIAE

‘ TIFFTERIN FRRARARTN FERRTVARN NARRRIARN WEREErann ARRARnay ARy

[ Catare Index L L L I rbll YA 3.7 mmw;}nm

| S ARIARR AN TRRTARARR FRAVFANEN FRRAFAORA FARRARURA FAARRAREA FRARAIARAAT
Ardline Poirc, °F FAIRIRAEA PRRTARATN TN 106.5 | 187.5 | 190.3 | rraaag
B Vise,, Vi1 11 . | A0RARRIa] FARRFRRsN TINONR = = ey

R |+ | L W ) = | R

190 LI - 37 L inssiadnnnd

10 L L L L L L, WL, S I FARRIARARAS

L THAREEIR ARy T Ty

~Ciad Toire Y L I L -1 — N | Ry

‘ SRRRASAAR ARARARAAA ARRRAPAPA SASAARRAN AAROAIAAR MAARARARA SAMASANGS

sennppnsd panspassd pp -3 MRARAAAN TIERAARA TREERTIRRRY

P AT A A A R N N ANS AL
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Us 8. DEPARIMENT OF ENERGY
STRATEGIC PETROLEUM RESERVE
CRUDE OIL ANALYSIS
- Data current as of Decesber I, 1983,
- but sudbject to change
STREAM _ SPR Bayou Choctav Sour
TERMINAL _ SPR St, Janes Terainal, St. James, Loustana
WROLE CRUME:
Specific Craviey _ 0.871 , RYP, pei $.30 max.
API Gravicy 31.02 1.0 Neutralisacion No. ¢0.12
Sulfur, Ve, ¢ 1,76 & 0.10 UOP “K" Pactor 11.84 Mercaptans, ops 18
Nitrogen, We. % 0.138 Org. C1, ppm  TBD® SUS Viscosity (cSt)
Cardon Residue, We, T 4,50 0.D. Color TBD 77 ° 67 (12.28)
Peur Poine, °7 ) H2S,.ppn <1.0 100 °? _ 82 (8.19)
DISTILLATION TO 1000°F:
Fraction 1 2 3 4 [} 6 7
-2 175%= | 20%= | 3= o=-1 &=
Ot Temperature 175% 250 375y b2 vhg § 650°7 | 1000°7 ! Resfdan
[ ] : . .
Vol. ¥ 6.0 6.9 15.8 15.4 12.2 A.9 Y84
T, 3 4.8 3.3 13,3 | 189 | 12.8 27.0 X
|_Seeci®lc Cravity 0.8, 0.0%] 03] O.%Al_ 0.M7] 0.98) 1017
["APL Gravity 1.3 3.9 3.3 Q.3 3.7 09 1T
o Sulfer, . T L AL L Ll L 0.0 1.28 2,19 .8 |
N AAARIRAA GATARTTRA AR UAARFAA FAAROORN FRRARARTA FOAARAIAN AARAAsaRAAR
Mercaptans, oom ) 8D ™) TR0 | FRRRERIRR NRATARRA TRy
FORRATFAR TARan TaR TFRATAAAA FHARARNIR NNARGRARA ARARnAARA dpdnnpnanud
Catana Index L L L] 47.5 W BN I LI LI IE
‘ (L LI L L O WL UL L L LT gL gl
[CAmdlire Peimt, °F FEIAT AR FATENARR TIATIATN 3D TTRD | DO | ARRARAR
o L L L L LT R TVREFTRAR FFFsAaRsR anadispadad
[ S8 Vise., Vi 77 L L LT - = AT
100 #AARRaraR AARARaRed MANRRAAAR 33 &Y. - idainnsnnad
10 R mnRnnay - W, jyg Lt
180 FARRRARTN VaRnegaan WONEAg - - 63 [l lidand
PRAARRPARA RRRANCRAN SARPAASN ARPAGARIN PREPARARN FAARRIAAN FRANPANSLAS
[ Cloud Poire, 7 PRRRARRAR NAARARAAR TIRRIREIR TN Ll iatanal
SRRAARRAA PARARAPRA FRARIRAAA PORREPARN RRARAFIRN FORRRARAA MARARASASRA
| Fresse Jalne_ ¥ BORRARAAR ARAAAREAA FAFARAIAA TRD Bl
IR [ {
m 2 - L] *
TIPS KET3E, W, X | 0I5 | L.
* N B EXUNTOD ‘
.35




'd-ni Registee / Vol. 49. No. 14 / Friday. January 20, 1984 / Rules and Regulations

78
L ——
Us 8. DEPARTHMENT OF ENERCY
STRATRECGIC PRTROLEUM RESEAVE
CRUDE OIL ANALYSS
- " Dete cwrreat as of Decemder 1, 1983,
- But subject te change
STREAM _ SPR Veeks 1sland Sowr _ ‘
TERMINAL SPR St. Janes Terminal, St. Jases, Louisiana
WHOLE CRUTR: '
Specific Gravity _ 0,878 VP, pet 4.9
APl Gravity 29.7°% 0.5° . Neutralisationa o, 0.09
Sulfyr, Ve, 2 1.39 £ 0.10 UOP °K° Psctor 11.78 Marcsptans, pps 16
Nitrogen, Ve, 2 0.173 Org. €1, ppm <1 S$US Viscosity (eSt)
Carboa Residue, Ve, T S.17 0.D. Color _28,840 77 °F 76 (14.6%)

Pour Point, °F. ) K28 ,ppm <1.0 100 °F S8 ( 9.76)

DISTILLATION TO 1000°7:

[Crraction 1 2 3 4 ) 3 ]
- o vl Ol O B L
Qs Tesperature 1757 2507 3757 b3 e 4 650 | 100°7 | Residam
Vol X ' %] S 7S I O 2 O O - % Y ! ¥y A
‘ *0 Sl 5.5 ILZ l!oa B.' !’3 BO!
‘_ﬂiﬁ Gravity 0,659 O.W 0, i ,; OOE; aog 5- ﬁ’ ioﬂ!z
Sy W L2 S5 T 25 N 5 % 30
Y R, K P O - 3 AL
- pprrrerer wrrrrrrrr @ttt @it LD WL Wl sssdassnd
Marcatars, pom 18 3. 0 8.1 | FRAPRARRA ARARAAAAN AAARAMIADAS
T LT R L W ety Wt Mol i
["Cotara Tndex L L, Il WL LA I Y K ) 8.3 | PRI FRRRRA e
| Y T L T L L L et Wt dad il Wl il M ndasasssiad
T T — PP T R 08| 181 | U1 | R
T FRRRIARTR ARRRRVIRN FANARTIN RAAANAATN FRRRRRNAN FAAFAAOS
{_SI8 ¥ise. s il T WL L L L ) - - TR
100 TEARRFATN ARARARAR AAAT [y - SAARAARRAAN
0 Wﬂm - 1. % 100 1
I L, - - TR
TN I L L L L W s
Cloud Poire, 7 ARRETRIAN PRRRPERAA SRPFIIIRA FOPAOFANL 29 10% SORMLAARAAS
T e L L e iasiad
~Fresse Poit, F FHIREFARN PRI FRARRATRN =13,
LLeddd i, B s
Nieromn. . X LFPFRTITN FRRRVEITA FARATAIY ATIVRY 0.015]  0.136]  0.341
‘ ) FAFFITRTR TRFRRTIAR ANNRRNRNN FURNRRRAN FRNRURAAN FFPARAATA
Cathon Tastidm, W, X AFARARAFA FIFRITRAA TEARATA FRTAFRAFN FROAAFEIY 0.0 |
SRS OUE 0400-0%-8 ' ‘
36
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APPENDIX B
1986 CRUDE ASSAY DATA
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Sheet | of 2

U. S. DEPARTMENT OF ENERGY, STRATEGIC PETROLEUM RESERVE
. CRUDE OIL'ANALYSIS

= .
Stream SPR Bayou Chgctaw Sour. Terminal' DOE St. James Terminal, St. James, LA
Crude
Spvln'ﬂe Gravity 0.8573 Ni. ppm’ 8.0(7.5)*  ERVP, peia @ 100° P__5-80
APl Gravity —dd:bo . V, ppm 27.7(27.6)* Neutralization No. ..0:13
Sulfor, Wt % 1,61 Pe, ppmiiot Detectable (1.5)'315‘ ppm (0)° ' 3.1
Nitogen, Wt. % 0.146  Org ClL ppm (6°0:4 . Mercaptans, ppm (¢)* 2:2
Con. Car. Res, Wt R (c)*.2:64 __ . 0D. Color ~13:900 Vigcosity: 7TPF.8:38 eS¢ _33:2 sus
Pour Point, °F e UOP “K" -l 100°F 3:88_ st _45:2 sus
Fracton 1 3 3 4 ] 7
G- (.3 175° - 2850° . . [ . :
Cut Temp. e | vwr | wop | wer Py “rr 1055 p Rasiduem
Vol. - mla 180.5] 184.6 329.3 585.5 - 731.4 535.9 1311.8 611.0
Vol. % 4.0 ] 4.1 7.4 13.1 16.4 12.0 29.4 13.7
Vol. Sum % .01 8.1 15.% 28.6 45.0 57.0 86.4 00.1
Wt - grams 08.3 126.8 238.9 651.5 598.6 461.0 1213.4 626.9
LI 2.8 | 3.3 6.2 11.8 15.6 12,0 3l.7 le.4
| Specific Gravity 0.6 11 0,6761 0.725% 0.7712 0.8184 0.8603 0.9250 .028
AP! Gravity 77,8 63.5 5$2.0 41.4 33.0 21.5 3.2
Suitur, We, % 0.010 0.010 0.039 0.32 1.01 2.1¢ 3.57
Marcaptans. pp <l 50.3 <1 7.1 i
HyS. ppm 31.3 3.8 32,4 <l |
| Orzanic Cl. ppm _ 1.7 1.7 2.1 - ' |
Aniline Point, ‘P 125.8 144.3 160.5 179.4 |
|_Neutralizadion No. 0.04 0.07 i
Cetane Indes 49.62 50.79
Naphthalenes. vol. % 4.06 11.37 i
Smoke point 19.1 14.0 :
_Nigogen We & 0.0006 0.012 0.156 0.532
L Viscosity:
L cStSUS) TTF 2.25(33.5)
100° ¥ 1.79 (€32.00 6.85(41.9) .1
130°F 3.32¢37.1) 29.45(139.4
180° P - 11.30(63.7)
0 F X 2865 (13333)
2%0° P 665.9(3113)
| Freeting Point F -31.9
Cloud Point, °F I 22 106
Pour Point, ¥ 20 30 .
Ni, ppma - ot Uetectabl 5.0
|V, ppm ¥ot Detectabld 153
Fe. §ot Detectably T.3
Con. Car. Res., Wt & S - 2. . )

Data current as of September 19, 1986, but sub
* (0, calewlated from fraction resulta. 1 ut su Ject to change.

Whole crude lead content:

ORI AN SN \"..\ Ty _\.stsh‘_‘-h...\..\.k.h-- ALY

-c'-."'

0.022 ppm.

DG GOSN

Research Octane Number:
Motor Octane Number:

39
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A\.AA.-

0 0
Cg-175%F  Cg-375°F

63.5
59.4

L g
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44.6
42.5
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Gas Chromatographic Analysis

SPR BAYOU CHOCTAW SOUR’

=
Oistiliate fractions, ASTM O 2892
Ce-178° F 175-250° ¢ 250378 F IS4 ¢
vol. % vol.. % vol. % Vol. %

"+ Towl Panafing 80 4 80" T80
Total lso-perstfing 403 s
" Totsl Aromatics 23 18
Totsl Naphthenes 122 28
Tow Olefine 0.0 0.0
Total Unknowns 0.0 00
Panstiing: 1 00 00
c2 0.0 00
Q 00 0.0
C4 04 00
cs 180 0.4
cs 20 58
(14 10 194
(| 1) 79
e 0.0 0.0
c1o 00 0.0
c1 00 0.0
c12 00 00
lso-perstfing: C4 0.0 0.0
cs 87 0.1
cs 2 ‘27
c? 48 18.0
cs 0.0 137
(= ] 0.0 1.1
c10 00 0.0
C1t 0.0 0.0
Aromatics: C8 20 0.7
c? (X ] L%}
(> } 00 14
. 0.0 00
c1o 00 0.0
(3] 00 0.0
c1n2 0.0 0.0
Napnthenes: CS 20 0.1
(o ] 90 48
cr 12 124
[« ] 00 71
>} 00 09
c10 0.0 0.0
e 0.0 0.0
c12 00 00
Otefing: (o7 ] 0.0 00
cs 00 0.0
cs 0.0 00
c? 00 0.0
cs 0.0 00

Sheet 2 of 2

Osdutanization
Fraction

Component " Vol.%
Methane -

Ethane 0.1
Propane 108
HButane 1A+
nSutane ns
kPontane " 198
nPentane 4.2
Co* 89

Whole Crude B-T-X

Component Vol.%
Benzene - 0.138
Toluene 0.428
Ethylbenzene 0.037
Xylenes 0.N64

y Tho 08 chromatograohic PIANQ method used provides for eiution and identification of COMECE 1ents upP to & nominal n-C1 2 (420° F)
*To be determined. :

..... -
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Sheet | of 2

U. S. OEPARTMENT OF ENERGY, STRATEGIC PETROLEUM RESERVE

S e

. CRUDE OIL ANALYSIS
Stream SPR Bayou Choctaw Sweet Terminal_DOE St. James Terminal, St. James, 1A
Crude v
Specific Gravity ~0.8426 _  Ni ppm '4.4(5.4)%  ERVP, peis @ 100° F 810
_AP! Gravity 65 V. pem 2.0(7.6)%  Neutralization No.© Q.12
Sultur, WL % £2.40 . Pe, ppm 2.103.9)*  H,S8, ppm (0* B T S
Nitrogen, Wt. % 0127 Org. ClLppm (0004 . Mercaptans, ppm (¢)* 2.8
Con.Car.Res., Wt % (c)*2.33 . O.D. Color —18,000 . Vigcosity: TP _5:86 oSt _48.2 sus|
Pour Point, °F 20 _____ UOP“K" 1208 100°F L:90 eS¢ 42:1 sus
Fection 1 p] : 3 4 [] [ 7
Cos Tamp. . Cee cs- 178°- 0. T3S S0 ®0 - Residuam
C. | 175® 2P e A Xl 4 wrr 1081°p |
Vol - mis r,{59.0 236.7 403.7 609.9 755.8 565.4 1456.9 570.0
Vol % 5.3 4.9 8.3 12.4 15.6 11.7 30.1 11.8
Vol. Sum % 5.3 10.2 18.5 30.9 46.5 $8.2 88.3 100.1
Wt . grame 55.41 161.6 298.0 466.2 622.4 432.2 322.0 568.9
We A - 113.8 4.0 7.3 11.4 15.3 11,68 32.4 13.9
Specific Geavity 0.6 || 0.6826 0.7382 0,7759 0.8235 0.8528 0.9074 0.998
AP! Gravity 75.8 60.2 ., 50.9 40, 34.4 24.4 10.2 }
Sulfur, We. & 0.004 0.002 0.011 0.06 0,26 - 0,54 1,26 :
Mercaptans, pp 8.0 <1 <1 23.0 . i
[_HyS. ppm <l 6.3 15.4 <1 ‘
| Organic Cl. ppm 2.9 1.8 1.3 ‘
Aaniline Poizt, T 126.0 lae.8 ‘ 167.9 195.6 =
|_Neutralization No. 0.04 0.08 T
Cetane Index { ' @/ .04 23.03 '
Naphchalenes, vol. % 6,50 9.12
|_Smoke point 18.6 16.6
Nigogen, Wt & 0.0003 0.006 Q.136 0.630
Viscosity: ‘ f
StSUS) TP 2.33(33.7)
100° ¥ 1.85(32.1) | 4.89(42.0) _
130° P 3.33¢37.1) 25.93(123.6)
180° # - 10.62(60.8) )
10 P P ISR
20° ¥ I6.5 (I505
' ‘ " 'Jl-g H
Coud Psint, T 28 197
Pouz Point, °F 2 . 10U
Ni_ppm ) ' ot Detectabld 319
| V. ppm S ot Detectabld 53.3
|_Fe. ppm v ' » ot Detectable 23.5
Con. Car. Ras.. Wt W | ‘ | ] == 1£.2
Data current ag of September 19, 1986, but subject to change.
* (e), calculated from fraction results, . c5-175°r Cg-375%F
whole crude lead content: 0.006 ppm. Research Octane Number: 68.4 '51.7
Motor Octane Number: 64.1 - 48.2
41
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Gas Chromatographic Analysis sheet 2 of 2

- N SPR BAYOU CHOCTAW SWEET J
, . Oistiliate fractions, ASTM D 2892
' Ca1785° B 175-250° F | 250-378° F | 375-420°F
\ Vol. % . Voh.% Vol. % Vol %
* Total Paratfing a8 84 80" 180
Towl lso-paratfine %4 47
Towl Aromatics u 17
¢ Totai Naphthenes 189 -1
H Towl Otefine 00 00
e Towl Unknowne 00 0 ‘ . '
" Pasting O 00 00
‘ 2 00 00
, = 0.0 00 .
. ca 12 © 00 Dsbutanization
- cs 173 03 Fraction
5 cs 24 ‘a1 . |
H (o1 07 148 Component voi. %
cs 0.0 04 -
l o 00 | 0.0 Methane -
: c10 0e 00 Ethene 00
' C11 0.0 00 * | Propane 1"se. J—
" cn2 0.0 0.0 NI =Butane Y]
4 nButane ]
! teo-peraffing: C4 01 00 +Hhentane 101
cs 81 0.1 nPertane 203
' cs 243 20 Ce* a8
p cr LY 122 -
. cs 00 94
. e 00 09 ,
» €10 00 00
! cn 00 .00 : Whole Crude B-T-X
. S ———
Aromatics:  C8 28 09 : %
' p o8 ae . Component vol.%
k ! 1 .
b 2:‘ 38 oﬁ Benzene 0.202
3 c10 00 00 Toluene 0.494
cn 00 . 00 , Ethylbenzene 0.033
2 00 00 ‘ Xylenes 0.064
Naphthenes: CS a7 0.2
S ' ] 14.2 - 83
cr 20 20
cs 00 108
e 0.0 0.1
c10 0.0 00
c1 0.0 00
c12 00 - 00
Olefing: . C4 00 0.0
' cs 00 00
cs 0.0 0.0
cr 00 00
cs 0.0 0.0

'Thognemommmnhic PIANQ method used provides for elution and identification of components up to a nominai N-C 13 (420° F)
*To be determined. ‘ ' ‘
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Sheet 1 of 2
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y
u. S. DEPARTMENT OF ENERGY, STRATEGIC PETROLEUM RESERVE

/,

/~ . CRUDEOIL ANALYSIS

. .
Stream__SPR Bryan Mound Maya Terminal__Phillips Terminal, Freeport, TX
| Crude
. . . . : - S.15
Specific Gravity 29168 Ni ppm 28.0(62.4)* ERVP: paia @ 100° F —
API Gravity 229 voppm - 263 (263)* ' Negeralization No. ad
. 1.
Sulfur, Wt. % 213 Feppm 2.9 (0.9 g3 ppm (o* ”‘7
Nitrogen, Wt. % .9.35¢ __ Org. ClL ppm ()0 0:3 Mercaptans, ppm (c)* :
Con.Car.Res Wt (o)°LL:19 Q.. Coior 69,450 - Viscosity: TTF 128,11 8t . 593 SUS
Pour Point, °F D . UOP“K" s 100°F L1728 oSt 287 SUS
Yaction : T ) 3 . 3 s 7
"c“;;,".,_ Ce- Cs- .| e | 35 “830°- (77 Regidvum
vid SRR - 4 o 4 __surr sre 1014°F
Vel. - mls 71 140.3 220.2 421.6 471, 8 - 604,2 1104.2 1317.2
Vol. % L1l 1.4 <. 10.2 11.6 9.2 26.6 31.7
Vol, Sum % 1,21 s.1 10.4 20.6 2.0 . 41,7 68.3 100.0
We .grams - 142, 6] 94,8 _159.9 325.4 390.9 3.4 1034.7 1403.5
WL % il 2.5 4,2 5.5 10.3 9.2 27.2 36.9.
| Specific Gravity 0,611 0.6755 | 0.7263 | 0,7719 0.8251 0.8693 0.9366 1.067 |
AP! Gravity 78.0 63,3 1 51.§ . 40.0 3163 3993 ; ;2 |
Sulfur. We. % Q.0190 0,018 Q.291 0.95 2.
MMercaptans 82.0 113.6 127.6 <l i
H;S. ppm 2.9 2.4 5.3 5.0 |
[ Organic C1 1.8 1.9 1.8 ' i
Anline Point. °F 128,71 161.7 151.9 163.4 |
Neutralization No. . 0.03 0.06 - i
| Cetans Index ' 47.09 48.14 :
{_Naphthalenes, vol. % 4. 16 0.98
Smoke peint - 16.0 3.3
Nitrogen, Wt % 0.0016 0,030 0,232 Q.28+«
Viscosity: ! ) :
eStSUS) 17T F - 2.33(33.7) '
1007 ‘ 1.86(32.1 4.92062.1) . i
130° F 3o 32037.17 | 33.89(137.3) 1
180° F T2.23(67.1) ] .
210° P - 495874(2.3.x.0
BZOCF . 42772 (1s°-~*‘)
Froesing Point, ¥ -31.9 |
Cloud Poing, F - . ; 24 106 ]
Pour Point, ¥ 20 30 i
Ni. ppm ' " Bor Detactabl 169
V. pros ‘ Bot Detectabld 711
Fe. ppm , K Yot Detectabld L 2.b
Con. Car. Res., Wt % 0.45 30.% i
Data current as of September 19, 1986, but subject to change. '
* (©), calculated from fraction results, C.-175%F ¢.-375%F
5* 5
Whole crude lead content: 0.008 ppm. Research Octane Number: 64.4 41.5
Motor Octane Number: 60.7 41.3
43
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Sheet 2 of
Gas Chromatographic Analysis Lol 2

SPR BRYAN MOUND MAYA

- .
- Oistiilate fractions, ASTM 0 2892
Cs 175 F 178-280° F | 2%0-375°F | 37%-420°F
Vol. % Vol % Vol. % vol. %
* Tow Peratfing «“0 ns 180" T8D
Total lso-peratfine 72 e
Towl Aromatice 8 16
Towl Naphthenes "7 a0
Tow Olefine 0.0 00
Towl Unknowns 0.0 - 00
Parsting Ct 00 0.0
c2 0.0 00
(>} (] 00
c4 1.1 0.0 Detrstanization
cs 02 0’ Fraction
(7)) 224 43 . ,
(o4 13 190 Component Vol. %
cs 00 9.1
cs 09 . 0.1 Methar\e -
C10 00 0.0 Bhene 01
c1 00 0.0 Propane 3.0
c12 00 | o0 . +Hiutane 89
. rdutene 08
lso-peraffing:. C4 02 0.0 Hiertane 18.0
cs Y 0.3 n-Pertane 106
cé 240 28 Ce* 58
c? 45 14.2
cs 00 . 138
ce 0.0 1.4
c10 0.0 00 .
cn 0.0 00 : whole Crude B-T-X
Aroma.ieg: C8 20 08 o
c? 1.1 82 .C.M !_o.l‘_i
cs ! 1.
¢ g.g : o.g : genzene . 0.110
c1 00 00 Toluene 0.313
cn 00 00 Ethylbenzene  0.029
¢ 00 00 . Xylenes 0.057
Nasphthenes. C3 20 0.2 '
. cs Y] 43
c? 14 131
cs 60 94
ce 00 0.0
c10 00 0.0
c11 0.0 00 !
c12 090 00 ]
-~ Olefing  C4 00 00 .'
cs 0.0 0.0 j
cs 00 00 !
c? 00 00 i
cs 0.0 00 :

;mwmmﬂwicmmomuadpmwa.fummwmtinmmdmmwtonmmdn-cmm F
To be determined.
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Sheet 1 of 2

U. S. DEPARTMENT OF ENERGY, STRATEGIC PETROLEUM RESERVE
CRUDE OIL ANALYSIS

N

Stream SPR Bryan M_?uhd Sour

Terminal Frecaport, TX

Phillips Terminal,

Crude
Specific Gravity -0.8683__  Ni, ppm 1L.3(15.6)* ERVP, peia @ 100° F _3:40
AP! Gravity L3 V.ppm 50.9(60.6)* Neutralization No. _0:98
Sulfur, Wt % 160 P ppm Nog Decectable H,S, ppm (0)* . 0.8 ‘
Nitrogen, Wt. % 149 Org. Cl, pom (c)* Mercaptans, ppm (c)* _12:1 _
| Con.Car.Res., W R(c)* 48l OD. Color 23540 Viscosity: TPFLl:4 st __83-7 sus
Pour Pqint, °F 0 UoP “X” —t1:85 100°F 1:%8__ese . 39:2 sus
(Frictica 1 7 3 g 3 0 7
i c“ T-’. Q‘ C-S- iﬁ:_‘ w' ﬁ' W l 1" u‘u
C | 1mr 2P F kil 4 S P “sry 4
Vol. - mls 23.81 133.6 271.6 522.8 634.3 459.2 1160.7 597.4
Vol. % C. 6 3.5 7.0 13.6 16.5 1.9 30.1 15.5
L Vol. Sum # 0.6 [ 11.. 24,7 4.2 53. 83.2 98.7
Wt - grams 14.3] 90.1 197.0 403.6 51&.8 1395.1 1074.0 618.9
Wt % Q.4 2.7 5.9 12.1 15.5 11.8 J2.1 18.5
Specfic Gravity O 3] 0.6743 0.7254 0.7720 0.8179 0.8608% 0.9253 1.036,
|_AP] Grawity j 78.4, 63.6 51.8 1.5 32.9 2l.4 N
| Sulfur. Wt % '0.002 0.005 0,046 0.42 1.14 2.06 3.88
W;::LM 24.6 . 4i.3 74.2 <1
H,S. ppes 2,1 2.3 S.4 10.9
anic Cl, 1.9 4.7 6.2 ]
Aniline Point, 'F 126.7 S l4e. 9 160,464 17/8.9
Neutralizagion No. 0.0d 0.01
[ Cotane Index %9, 81 50,63 : i
i Naphthalenes, vol. % 3.9 11,04
Smoke point ~16.6 2.2
| Nitrogen. Wt % V. 00UY 0.017 0.166 O.07%
Viscomy:
St (SUS) T™F 2.20(33.4)
100° F .79 (¢32,0] .80(«1.8)
10°F 3.20(37.0) | 29.30(138. 1) |
0 r ] 11.05(04.9) J
210°F S00L(=0, 72
80°F ) T (s
Freenng Point, ¥ -31.0 , .
Clond Peint, “F e )13 ¥4
o | Pour Poizt °F Y 9o i ]
Ni_prm ﬁo: Detectable 51,3 ;
V. ppm §ot Detectabld Jos '
Fe _ppm Jot Detectabld Nct Ce:e:tadl
Con. Caz. Res. Wt % el | S c

Data current as of September 19, 1986 but subject to change.
* (), calenlatad from fraction results.

Whole crude 1ead content:

0.002 ppm,

C5-1759F C5-375°¢

64.6

Research Octane Number: -
60.7 a0,

3
Motor Octane Number: 3

45




Gas Chromatographic Analysls
SPR BRYAN MOUND SOUR

~

Sneet 2 of 2

. Distinate fractions, ASTM D 2882
Ca-1TS° F 178-250° F | 250375 F | 318420° P
Vol % vol. % Vol. % Vol. %
* Tow Pasuffire - 489 3 7807 T80
Tom leo-parstfing 4 e
Towl Aromstics 7 79
Tomi Nephthenes 120 282
Towml Olefine (.1.] 00
Toml Unithowns 0.0 0.0
Paniing Ct 0.0 0.0
c2 00 0.0
Q 00 00
C4 03 a0 Osbutanization
cs 172 04 Fraction
s 29 58 "
c? 14 195 Component vol. %
e 0.0 { 1]
o 00 00 Mothene -
(] 0.0 0.0 Shane 00
c1i 00 00 Propane ‘.8
c12 0.0 00 utane 78
nSutane 27
lso-pensffing: C4 0.0 0.0 Pentane 20
cs a7 02 a-Perane 240
cs e 26 Ce 60
cr L] 182
cs 0.0 133
o 0.0 04
c1 0.0 00
en 0.0 00 Whole Crude B8-T-X
Aromatics: C3 1.9 08 v
c? 08 se Companent Yol.%
! 1
3 :8 aﬁ Benzene 0.123
c10 00 . 0.0 Toluene 0.420
cn 00 00 Ethylbenzene  0.035
cn 00 00 Xylenes 0.071
Naphthenes: CS 20 0.1
(v ] as 48
c? 15 132
c 0.0 81
ce 0.0 0.0
c10 00 00
cn 00 0.0
c12 0.0 00
- Otefinm: ca 00 0.0
cs 0.0 0.0
cs 0.0 00
c? 00 00
cs 00 00

'm”mmohicHMWMWMWN&Mdewn.mMNQ(QO' F

*To be determined.
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U. S. DEPARTMENT OF ENERGY, STRATEGIC PETROLEUM RESERVE
CRUDE OIL ANALYSIS
Stream_ SPR Bryan Mound Sweet Terminal__Phillips Terminal, Freeport, TX
Crude
Specific Gravity 0.8449 Ni, ppm - . $:1(3:3)*  ERVP, psia @ 100* F _3.60
AP! Gravity 8.0 ___ V,ppm 2.40Q.2)*  Neutralization No,  ..9:06
Salfur, Wt % ~0:32 ___  Fe ppm Le3(6:1)0  H,S, ppm (0)° J T S
Nitrogen, Wt. % ~0:122  Org. Clppm (*—0:7  Mercaptans, ppm (0° 24
Con.Car.Res., Wt H()*-2:20 ___  OD. Color 112430 Viscosity: TP _1:93 e8¢ 1.7  sus
Pour Point, °F 40 UOP “K” —l12.00 10°F _2:89 _egt 32:0  sUs
Facton T 1 ) 3 y 3 ) 7 1
PR o 175° . L7 P 1 8P - &0 - - i
Cut Tams. | e | mer | mee Ser | eor 1033 op | Residuum
{ Vol . mls 106.2] 159.2 291.0 452.7 586.6 455.% 1020.1 L16.2 '
Vol, % 3.0 ] 4.6 8.3 13.0 -~ 16.8 13.0 ' 29.2 11.9
Vol Sum % 3.01. 7.6 15.9 28.9 45.7 58,1 87.9 39,8 .
Wt . grams 63.7, 108.8 214.2 350.9 434.0 389.0 - 9271.4 e1..0
We % 2.2 1 3.7 7.3 T1.9 16.4 13.2 31.4 12.0
[ Specific Graviey 0.61 . €€35 | 0.7362 [ 0.7752 0.8e51 | 0.8%40 J.3091 0.330
| APl Gravity 75.5 60.7 51.0 40.G 36.2 24.1 li.s
Sulfur, Wt % 0,003 | 0.002 0.016 0.08 0.26 0,54 1.02
Mercaptans, pom 9.9 [48 < Sl :
H;S. ppm L <l 19.6 27,1 " 26.9
anic Cl. ppm 2.2 3.8 3.2 .
Aniline Point. ¥ 127.% 145,45 166.4 192.9
Neutralisanon No. 0.06 Q.09 :
Cetane Index 47,09 52,72 . -
Naphthaienes. vol. 3 4.51 8.74 .
Smoke $ ‘ 16.8 o le.d S
‘ n@é. WL & | 0.000% 0.007 0. 142 BICEE
Viscosicy: ! : C
e8t(SUS) 7T F | 1 7.40({30.0)
100°F | I 1.85032.1) 8,93(62.2)
130°F | { 3.37037.0) | 25.07(113.3
180C°F i 10.03(59.3)
: ___20°F | ! 882 8( .0z
) 2%0°F 287,300 3a
Freezing Point. ¥ i «31.0 ] B
Cloud Point, ¥ 26 118
Pour Point, P 25 100
LNt ppes __$o¢ Detectabl 1T -
Y. ppe i fot Derectabl R
Fe. prm i 4 3ot _Detectabl N
Con. Car. Res, Wt A H - S
data current as of September 19, 1986, but subject to change. '
* (6), calculated from fraction results. » _ C5-175°F ' CS-BTSJ:
Whale crude lead content: 0.C06 ppm.. "Research QOctane Numberé 70.9 52.5
Motor Octane Number: 67.2 48.5
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Gas Chromatographic Analysis
- . SPR BRYAN MOUND SWEET
) Oistiilate fractions, ASTM O 2002
Co'\78° F "-30F B0-I78° F 20 ¢
vol. % Yol % Vol. % vol. %
* Towl Parstfine Q. ns TBO" 780
Tomi leo-paratire %o 8s
Toml Aromstics 24 .
Total Naphthenss 18 “®1
Towmi Otefire, 00 00
Tomi Unknowns T 00
Pastfirg. O 00 0.0
[~} 00 00
Q (1] 0.0 .
c4 1.4 0.1 Osbutanization
cs A V] 04 Fraction
[+ ] 24 42
7 os 144 Component vol. %
> ] 00 48
(> ) 0.0 00 Mathene -
c10 00 00 Bhene 00
cn 0.0 00 Propene 138
c12 00 0.0 suane 19
' nButane N4
fo-parsfine: C4 00 0.0 Pentane " 180
cs 9 02 nPentane 15.1
- C8 M2 29 Ce* 18
cr 20 127
(= ] 00 108
o 0.0 0.0
c10 00 0.0
(o2} 0.0 0.0 !
whole Crude B-T-X
‘,,m cs 20 0.7 ) g}
(+14 LX} 43 A
cs 00 07 . | Component Voli%
o b4 o0 ‘ Benzene 0.150
(1] 00 00 Toluene 0.375
c12 00 00 : Ethylbenzene 0.020
Xylen 0.034
Naohthenes. C8 21 0.9 y-]e es 0f
. - ] 143 [ V]
c? 21 27
(o ] 0.0 . 120
ce 0.0 . 00
(=] 00 00
cn 00 00
c12 00 0.0
Otefirna: [} 00 00
cs 00 00
s 00 0.0
7 00 0.0
c 0.0 00
'mpmnmmmmmmwwamgamwwmm' 2}
*To be determined. '
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U. S. DEPARTMENT| OF ENERGY, STRATEGIC PETROLEUM RESERVE

CRUDE OIL ANALYSIS
Stream__SPR Weeks 1sland Sour_ Terminal__ DOE St. James Terminal, St. James, LA
Crude
Specific Gravity ~2.882L__  Nippm 18.0(15.8)* ERVP, peia @ 100° F 485
API Gravity ~28:9 _ V,ppm 33.2(42.3)% Neutralization No. 0:19
Sulfur, Wt. % <32 Fepym 8.7 (1.9* H,s, ppm (0 03
Nitrogen, Wt % 2216 .ClLppm (* 03 Mareaptans, ppm (¢)* _6:3
| Con.Car. Res., Wt % (e)* 437 0.D. Color 231150 | Viscosity: TTF.18:02 gt 89.5  sys|
Pour Point, °F 13 UOP “K” 1185 - 100°F L4 e 63.9  sus
Wractica 1 ) 3 3 5 ] 7
Cat Temp. G- cs- 178°. || 250 - 375 . 830 - T e Residuem
C. 175° P 0l ) ey | sarF 8y 1029-p
Vol - mls 117.71 132.0 252.0 455.6 6462.3 526.7 1330.0 835.3
Vol. % 2.7 1 3.1 5.9 10.6 - 15.0 12.3 1.0 19.5
Vol Sum % 2.7 1 5.8 11.7 22.3 37.3 - 49.6 80.6 100.1
We - grams 70.64 91.3 185.7 354.3 533.0 458.2 1233.7 855.J3
We & 1.91 2.4 6.9 9.3 14,1 12.1 32.6 4.6
["Specific Gravity .61 0.6918 | 0.7370 || 0.7777 0.8298 | _ 0.8699 0.9276 T 00 ]
APl Gravity 73.0 60.5 50.4 39.0 31.2 21.0 6.7 i
Sulfur, We % 0,054 | 0.004 | 0.063 0.29 0.85 1.58 3.3G0 |
Mercaptans. ppm 10.2 17.4 41.8 9.0 j !
H;S. ppm < 2.5 2.3 <1 f
anie Cl, 2.8 2.1 1.7 i
Anulise Point, 'F 119.6 137.4 152.9 173.3 ‘
|_Neucralization Ne. 0.06 0.07 !
‘ Cetane [ndex ] 45.31 © 47.98 ,
Naphthalenes, vol. ® | : 4.75 11,77, i
Smoke point 15.5 12.7 L
Nigogen. Wt T.0006 0.013 0.173 PEEN
| iscomity: .
S SUS_TPF 2.31(33.7)
100° F 1.85(32.1) | 5.17(42.9)
10°F 3.68(37.6) | 30.96(146.1
10°F . 11.58(64.3)
ACF ‘ 4200 (13332)
=2l A ’ ‘ : 935.8(.375)
Frearing Poist, ¥ =31.7 ,
Cloud Point, P 20 104
Pour Point °F : 20 . 90
Ni._pp ' ot Degectabl 63,3
ﬁv Jiot Dereccabl R
Fo. ppa VoL Deteccable  5.%
1 Con Car. Res. Wt % . _ 0.34 1 c..2
Data current as of September 19, 1986, but subject to change.
* (0, caleulated from fraction results. C5-175°F  €5-375%F
Whole crude lead content: 7.014 ppm. Research Qcctane Number:  65.8 50.2
Motor Octane Number: 62.4 47.3
49
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Gas Chromatographic Analysis
- N ‘ SPR WEEKS ISLAND SOUR
: Diatitigte fractiona, ASTM D 2892
Cg 178" F 175-250° F 2503713 F | ars.a20°f
Vol. % vol. % Vol. % Vol %
* Tow Paraifine 0o a7 80" T80
Tow lso-peratfine xne s
Tot Aromatics 'Y ‘ 10.0
Total Naphthenes 180 M7
Tom Oteting 00 0.0
Tow Unknowns 00 0.0
Panntfina: CY 00 00
Q 00 00
~ B 00 0.0 , . '
C4 02 00 , Debutanization
cs 144 03 Fraction
cs 24 a7
¢? 11 18.3 Component Vol. %
cs 00 44 .
ce 00 00 Methane -
c10 0.0 00 £thane 0.2
cn 0.0 00 Propane 132
c12 0.0 00 | utane 80
. | n-Butane 24
leo-paraffing. C4 0.0 0.0 =Pentane 179
cs LX) o1 r-Pentane 218
cs 29 20 Ce* (X ]
c? 48 133
e 00 "2
(e ] 0.0 09 .
co 0.0 00 .
cn 0.0 00 Whole Crude B-T-X
il e
Aromancs:  C8 ot 1 . Component Vol.%
g g‘g , ,',‘f, ' Benzene 0.197
c1o 00 © 00 Toluene 0.458
ct 00 00 , Ethylbenzene =~ 0.025
cr2 00 00 ‘ " Xylenes 0.048
Neohthenes. CS 29 0.1
cs 13 73
cr 20 188
ca 00 8
ce 00 0.e
ci10 0.0 00
c1 . 00 . 00
c12 0.0 00
Olefins: c4 00 00
cs 0.0 0.0
cs’ 0.0 00
c? 00 00
cs 0.0 0.0

;ng-mwic PIANO method ussd provioes 1or shtion and ientification of COMpPInents up to & nominel N~C 13 (420° F)
To be determined.

“ T L e m e e e .
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U. S. DEPARTMENT OF ENERGY, STRATEGIC PETROLEUM RESERVE

CRUDE OIL ANALYSIS
= - . . t
stream SPR West Hackberry Sour Terminal_ Sun Marine Terminal, Nederiand, TX
Crude
AP Gravity 23V, ppm 25.9(26.D* Neotralization No. 0:12
‘| Sulfur, Wt % 1240 Fe, ppm 3.8(6.1)%  H,S, ppm (0° -t
" | Nitrogen, Wt. % 0:140  Org. Cl ppm (0)°- 024 * Mercaptans, ppm (¢)° —23-7 '
Con.Cas.Res, We %()*-3:75 ___ OD. Color = .18:300 Viscnsity: 7P _8:88 st _3%9 sus
Pour Point, °F <=3 Uop«kr 1190 100°F _5:27 st _48-4 sus
[Frastion 1 2 3 4 8 7
G- cs. 175 - P I 37 8P @0 - .
‘ Cw Tamp. c. | 1mer | sy | ey s P P 1050 p Residuum
Vol. - mls 28.5] 192.7 324.5 591.7 709.0 523.3 1265.3 635.9
Vol. % 2.9 | 4.4 7.4 13.6 -16.3 12.0 29.0 14.6 |
1 Vol. Sum ¥ 2.9 7.3 14.7 28.3 44.6 ) 56.6 85.6 - 100.2 |
Wt - grams 77.10 130,46 235.2 455.6 579.0 449.6 1166.5 646.7 .
Wt % 2.1 3.5, 6.3 12.1 15.4 12.0 3.1 17.2 :
Specific Gravity 0.6 0.6766 | 0.7249 0.7696 0.8167 0.8591 0.9219 1.017
AP Gravity | 77.6 63.7 52.4 41.8 33.2 24.0 . 7.6
Sulfur, Wt % 0.020 __0.010 9.0s0 0.32 1.02 1.96 3.8 .
Mercaptans. ppm el 43.1 120.% Ll. 4
i H,S. ppm 16.8 3.7 3.2 <1
Organic Cl. ppm 1.5 1.6 11,7 )
Amhno Point, ¥ 128.0 145.8 - 164.3 180.3 |
Neutralizagion No. | 0.0% 0.07
Cotane lodex | 50.36 51,11
| Napbthalenes. vol. ¥ | 3.97 11,49
i Smoie point : 20.1 15.3
Nitrogea. Wt # L ' 0.0005 0.013 0.1%46 J.35
Viscomty: . T
SeSUS) TPF 2.24(33.%)
- 100°F ! 1.78 (¢32.0) «.87142.0)
130°F i 3,32(37.1) 27.65(131.3)
180°F | 10.82(6<.0) |
20°F | ' 2210, s
20°F |1 1529.602-7=)
! Freenng Point, F I -31.9 :
Cloud Point. ¥ ¥ 22 — 104
Pour Point, F { ri} S5U
| NL ppm o L L Yot Detectabld 38
V. pom | | ! Yot Detectabld Vel
Fe_ppm i ! { Yot Deteccabld 1l
Con. Car. Res.. W\ll | I8 | - | EE
Data current as of September 19, 1986, dut SubJect to change.
® (¢), calevlated from fraction resulta. c.-175%F C5-37=°‘
5 p
Whole crude lead content: 0.025 ppm. ) Research Qctane Number: 62.9 = .43.5
' Motor Octane Number: 59.6 40.3
, 51
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Gas Chromatographic Analysls

Sheet 2 of 2

SPR WEST HACKBERRY SOUR

Distillate fractions. ASTM D 2892

Cg178° F 175-250* F 30-37%° ¢ J7%-420° 7
Vol. % Vol. % Vol. % Vol. %
* Towal Parstfing 07 M0 TBD* TBD
Tot lso-paratfing %1 s
Total Aromatics 29 18
Totai Naphthenes na 29
Tow Otefing Q.0 00
Total Unknowns 00 0.1
Parstfing: O 0.0 00
Q 0.0 0.0
Q .00 00
(<} 0s 0.0 Oebutanization
cs 172 03 Praction
s 20 sS4 -
(»14 09 05 Component Vol. %
cs 00 78
(o ) 00 0.0 Methane -
c10 00 00 Ethane 02
(A} ] 0.0 0.0 Propene 9.0
c12 0.0 0.0 Sutane 76
' - nSutane M6
iso-parifing. C4 0.0 00 LPentane 208
cs 84 o7 n-Pentane 248
cs 23 24 Ce* 34
(o1 43 18.1
cs 0.0 132
ce 0.0 08
c10. 0.0 0.0
c1t 0.0 0.0 Whole Crude B-T-X
Aromatics:  C8 20 08 Component Vol.%
cr 0.9 58
3 g:g :,j; Benzene 0.147
c10 0.0 00 Toluyene 0.454
“en 0.0 00 Ethylbenzene 0.034
c12 0.0 0.0 Xylenes 0.051
Napnthenes: CS 20 0.1
ce 83 47
cr 11 132
cs 0.0 79
ce 0.0 0.0
¢ 00 00
c11 00 0.0
c12 0.0 0.0
Olefing: (o7 0.0 0.0
cs 0.0 0.0
cs 0.0 0.0
(o1 0.0 0.0
cs 0.0 0.0

* The gas chromatographic PAANQ method used

*To be determined.
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U. S. DEPARTMENT OF ENERGY, STRATEGIC PETROLELM RESERVE
CRUDE OiL ANALYSIS

Terminal Sun Marine Terminal, Nederland, TX

Stream SPR West Hac_-l:b'erry Swéet

Crude
Specific Gravity _0.8363 __ Ni pom L.6(1.8)* ERVP, peia @ 100° P_4:15
API Gravity 381 V. ppm 0 2.7¢3.8)*  Neutralization No. =14
Salfur, Wt % -0:.28 _  Fe ppm © 2.60Q.09% H,S, ppm (0)° Tt E—
Nitrogen, Wt. % 0,09 _  Org Cl, ppm (¢)*—2:3 .  Mercaptans, ppm (¢)° 0.7
Con. Caz.Res., Weh(e)* L8l OD. Color _ 8,200 Viseosity: TPP_4:88 st 419 sus|
Powr Peint, °F 25 _____ UOP“K” 12:00 10007 _3:60 s _37:9 sus
¥raction 1 3 3 ] 4 [} [ T
Cus Tomp. | iy | smer | wer ol “ry 1050°F Residzas
VoL - mis _ 1091.8] 253.7 379.5 546.8 666.2 %99.5 1131.5 382.1
Vol. % 6,71 6.3 9.4 13.5 16.6 12,3 27.9 9.4
Vol Sum % a7 11.0 20.4 33.9 50.3 62.6 90.5 39.9
Wt . grams 15.1 173.0 280.8 | 426.9 $48.4 427.4 ~ 1028.5 376.7
LK) .61 5.1 8.3 12.6 16.2 12.6 30.4 11.2
[ Specifie Graviey 0.611 0.6819 | 0.7400 0.7170 0.8256 0.8556 0..9090 0.391
AP] Gravity 76.0 59.7 50.6 39.9 33.9 24.2 1.3
Sulfuz, Wt % 0,020 | 0.001 0,004 0.04 0.23 0.53 1.09
Merea X ¢1 <1 <1 4.5
H;S. ppm ¢1 2.4 2.4 <1
anic CL 1.5 4.0 4.1 '
Aniline Point, 'F T 122.9 162.9 164.5 152.% !
Neutralizaton No. 0.05 Q.10 ] ' !
Cotane [ndes . 26,91 LYY k)
Naphthalenes, vol. % j ) 4,96 9.04
Smoke point | 16.8 15.8
Nitrogen, Wt. % 1 0.0003 0.007 0.130 J.D =
Viscosity: i
eSS TP 2.33(33.6)
100° F ' 1.85(32.1) | 4.95(62.2)
10°F 3.37(37.3) | 25.96(123.7]
180°F 10.38(60.5)
210° ¥ 701.9(327)
=y ‘ 206.96(3% %
Freemng Point ¥ -32.8
. Cloud Point, ¥ 22 120
Pour Point, ¥ 20 100
| Ni, ppm Rot Detectabl 5. -
LY. ppm ioc Detectabl 30.3
Fe. ppm Not Detectabld 3C .
Con. Car. Res., Wt & - .o

whole crude lead content:

0.004

ppm.

Data current as of September 19, 1986, but subject to change.
* (¢), caiculated from fraction resuits.

Research Octane Number:

Motor Octane Number:

Q
C5-175%F  C.-375%F

68.5
63.9

53.3
30.8

'
ALl ly
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Gas Chromatographic Analysis

Sheet 2 of 2

SPR WEST HACKBERRY SWEET

4
. Oistitlate fractions, ASTM D 2892
Ce17°F | 175-280°F | 250378°F | ISP
Vol. % VoL % Vol % vol. %
* Tow Puaffine Qs M9 - T8D” TEBD
Towi leo-parstfire N1 M4 '
Towl Aromatics ae (1]
Towml Naphthenes 175 “ns
Toml Otefine a0 (1]
Towml Unknowns 00 (1]
Pwetirs O 090 00
«Q 00 00
(] 0.0 00
(N 17 00 Dstutanization
cs 03 0 Praction
(-} 93 41
4 0s 149 Component vol. %
cs 0o 56
cs 00 0.0 Methane. -
¢ 00 0.0 Emane 00
cn 00 00 Propane 9.7
12 00 0.0 Hiutane 78
n=Butane B4
leo-paraffing: C4 02 0.0 Pentane 174
cs | 1] 0.1 nPertane ns
cs 28 17 Ce* 82
cr 29 123 ‘
cs 0.0 94
o 00 08
c10 0.0 00
o %0 %0 Whole Crude 3-T-X
Aromatics: C8 31 12
e 08 &8 Component vol.s
cs 0.0 10  S——
@ 99 09 Benzene 0.308
g? o0 o Toluene 0.652
cn 00 0.0 Ethylbenzene 0.025
Xylenes 0.051
Napnhthenes: CS 29 0.1
cs 121 'Y
cr 18 28
e 0.0 100
o 00 0.0
c10 0.0 0.0
o 00 00
c12 00 0.0
Olefne: c4 0.0 00
cs 00 00
cs 0.0 00
cr 00 00
cs 00 00

* The 98 chromatographic PIANO method used provides for siution and identification of cOmponents up 1o & nominal n-C 2 (420° 7

*To be determined.
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DEPARTMENT OF DEFENSE

DEFENSE TECHNICAL INFORMATION
CTR

CAMERON STATIQN - ) 12

ALEXANDRIA VA 22314

DEPT. OF DEFENSE
ATTN: OASD/A&L (EP) S

(MR DYCKMAN) 1
WASHINGTON DC  20301-8000

CDR

DEFENSE FUEL SUPPLY CTR

ATTN: DFSC-Q (MR MARTIN)
DFSC-DF (MR FRENCH)

CAMERON STATION

ALEXANDRIA VA 22304-6160

—

DOD

ATTN: DUSDRE (RAT) (DR DIX) i
ATTN: ROOM 3-D-1089, PENTAGON 1
WASHINGTON DC 20301

DEFENSE ADVANCED RES PROJ
AGENCY ,
DEFENSE SCIENCES OFC - 1
1400 WILSON BLVD |

ARLINGTON VA 22209

DEPARTMENT OF THE ARMY

CDR
U.S. ARMY BELVOIR RESEARCH, :
DEVELOPMENT & ENGINEERING CTR
ATTN: STRBE-VF 10
STRBE-BT ' ' 2
FORT BELVOIR VA 22060-5606

HG, DEPT OF ARMY
ATTN: DALO-TSE (COL BLISS) .
DALO-TSZ-B (MR KOWALCZYK)
DALO-AV
DAMO-FDR
DAMA-ART (MR APPEL)
‘WASHINGTON DC 20310-0005

— Pt pe an e

CDR
US ARMY MATERIEL COMMAND
ATTN: AMCDE-SS l

AMCSM-WST 1

5001 EISENHOWER AVE
ALEXANDRIA VA 22333-0001

..........

CDR
US ARMY TANK-AUTOMOTIVE CMD
ATTN: AMSTA-RG (MR WHEELOCK) 1
AMSTA-TSL (MR BURG) 1
'AMSTA-MTC (MR GAGLIO),
- AMSTA-MC, AMSTA-MV 1
AMSTA-RGP (MR RAGGIO/
MR McCARTNEY) 1
AMSTA-MLF (MR KELLER) 1
WARREN M1 48397-5000

DIRECTOR
US ARMY AVIATION RESEARCH &
TECHNOLOGY ACTIVITIES (AVSCOM)
ATTN: SAURT-R (MR ANDRE) 1
AMES RESEARCH CENTER
(MAIL STOP 207-5)
MOFFETT FIELD CA 94035-1099

CDR

US READINESS COMMAND

ATTN: J4-E 1
MACDILL AIR FORCE BASE FL 33608

DIRECTOR

US ARMY MATERIEL CMD

MATERIEL SUPPORT ACTIVITY

ATTN: AMXTB-T (MR STOLARICK) I
FORT LEWIS WA 98433

CDR
US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN: STRGP-F (MR ASHBROOK) i
STRGP-FE, BLDG 85-3
(MR GARY SMITH) 1

[y

STRGP-FT (MR FOSTER)
NEW CUMBERLAND PA 17070-5008

HQ, DEPT. OF ARMY :
ATTN: DAEN-DRM 1
WASHINGTON DC 20310

CDR

US ARMY LABORATORY COMMAND

ATTN:AMSLC-TP-PB (DR GONANO) i
AMSLC-TP-AL (LTC SCHRADER) 1

ADELPHI MD 20783-1145.

CDR -

US ARMY FORCES COMMAND

ATTN: AFLG-REG 1
: AFLG-POP ’ t

FORT MCPHERSON GA 30330
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CDR
US ARMY RES & STDZN GROUP

(EUROPE)
ATTN: AMXSN-UK-RA (DR OERTEL)
' AMXSN- UK-SE
BOX 65 -

- FPONEW YORK 09510

CDR

US CENTRAL COMMAND

ATTN: CINCCEN/CC J4-L

MACDILL AIR. FORCE BASE FL 33608

. CDR

US ARMY YUMA PROVING GROUND
ATTN: STEYP-MT-TL-M

(MR DOEBBLER)
YUMA AZ 85364-9103

PROJ MGR, BRADLEY FIGHTING
VEHICLE SYS

ATTN: AMCPM-FVS-M

WARREN MI 48397

CDR
US ARMY DEVELOPMENT AND
EMPLOYMENT AGENCY
ATTN: MODE-FDD-CSSB
(MAJ GROSSMAN)
FT LEWIS VA 98433-5000

PROJ MGR, MOBILE ELECTRIC POWER

ATTN: AMCPM-MEP-TM
7500 BACKLICK ROAD
SPRINGFIELD VA 22150

' CDR

US ARMY EUROPE & SEVENTH ARMY
ATTN: AEAGG-FMD

~ AEAGD-TE
APO NY 09403

CDR
THEATER ARMY MATERIAL MGMT
CENTER (200TH)-DPGM :
DIRECTORATE FOR PETROL MGMT
ATTN: AEAGD-MMC-PT-Q
(MR CARLONE)
APO NY 09052

' HQ, EUROPEAN COMMAND

ATTN: J4/7-LIPO (LTC McCURRY)
VAIHINGEN, GE
APO NY 09128

BFLRF No. 224
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CDR

US ARMY RESEARCH OFC

ATTN: SLCRO-EG (DR MANN)
SLCRO-CB

P O BOX 12211

- RSCH TRIANGLE PARK NC 27709-2211

CDR

US ARMY LEA

ATTN: DALO-LEP

NEW CUMBERLAND ARMY DEPOT
NEW CUMBERLAND PA 17070

CDR

US ARMY GENERAL MATERIAL &
PETROLEUM ACTIVITY

ATTN: STRGP-PW (MR PRICE)

BLDG 247, DEFENSE DEPOT TRACY

TRACY CA 95376-5051 -

CDR

US ARMY FOREIGN SCIENCE & TECH
CENTER

ATTN: AIAST-RA-ST3 (MR BUSI)

‘ - AIAST-MT-1

FEDERAL BLDG

CHARLOTTESVILLE VA 22901

HQ, US ARMY T&E COMMAND
ATTN: AMSTE-TO-O
AMSTE-CM-R-O
AMSTE-TE-T (MR RITONDO)
ABERDEEN PROVING GROUND MD
21005-5006

CDR, US ARMY TROOP SUPPOKRT
COMMAND

ATTN: AMSTR-ME

AMSTR-S

AMSTR-E

AMSTR-WL (MR BRADLEY)
4300 GOODFELLOW BLVD :
ST LOUIS MO 63120-1798

TRADOC LIAISON OFFICE
ATTN: ATFE-LO-AV
4300 GOODFELLOW BLVD
ST LOUIS MO 63120-1798

HQ

US ARMY TRAINING & DOCTRINE CMD

ATTN: ATCD-SL-5
FORT MONROE VA 23651-5000

I\'
ey

—

oy “1'\“



CDR ,  DEPARTMENT OF THE NAVY
. CONSTRUCTION ENG RSCH LAB : ,

ATTN: CERL-EM | P
CERL-ES (MR CASE) l CDR
) CERL-EH 1 NAVAL AIR PROPULSION CENTER
P O BOX 4005 = - . ATTN: PE-33 (MR D'ORAZIO) 1/
CHAMPAIGN IL 61820 P OBOX 7176 '
TRENTON NJ 06828
CDR
US ARMY QUARTERMASTER SCHOOL | CDR:
ATTN: ATSM-CD I NAVAL SEA SYSTEMS CMD
ATSM-TD ' 1 ATTN: CODE 05M4 (MR R LAYNE) 1
ATSM-PFS (MR ELLIOTT) 1 WASHINGTON DC 20362-5101
FORT LEE VA 23801 : ‘ ‘
CDR |
CDR : DAVID TAYLOR NAVAL SHIP R&kD CTR -~
US ARMY TRANSPORTATION SCHOOL ATTN: CODE 2759 (MR STRUCKO) 1
ATTN: ATSP-CD-MS (MR HARNET) 1 CODE 2831 : ‘ 1
FORT EUSTIS VA 23604-5000 ANNAPOLIS MD 21402-5067
CDR : _ CDR .
US ARMY WESTERN CCMMAND , NAVAL SHIP ENGINEERING CENTER
ATTN: APLG-TR : l ATTN: CODE 6764 1
FORT SCHAFTER HI 96858 , PHILADELPHIA PA 19112 -
CDR : CDR :
US ARMY LOGISTICS CTR- ‘ NAVAL FACILITIES ENGR CTR
ATTN: ATCL-MS (MR A MARSHALL) 1| ATTN: CODE 1202B (MR R BURRIS) l
- ATCL-C 1 200 STOVAL ST '
FORT LEE VA 23801-6000 ALEXANDRIA VA 22322
PROJECT MANAGER OFFICE OF THE CHIEF OF NAVAL
- PETROLEUM & WATER LOGISTICS RESEARCH '
ATTN: AMCPM-PWL S| ATTN: OCNR-126 , 1
4300 GOODFELLOW BLVD | ARLINGTON, VA 22217-5000 -

ST LOUIS MO 63120-1798
‘ CHIEF OF NAVAL OPERATIONS

CDR : ATTN: OP 413 l
US ARMY ENGINEER SCHOOL WASHINGTON DC 20350
ATTN: ATZA-TSM-G l : '
ATZA-CD , I "CDR
FORT BELVOIR VA 22060-5606 NAVY PETROLEUM OFC
S ATTN: CODE 43 (MR LONG) L
CDR CAMERON STATION
MILITARY TRAFFIC MANAGEMENT ALEXANDRIA VA 22304-61830
COMMAND »
ATTN:  MT-SA (MR DOWD) l " :
WASHINGTON DC 20315 DEPARTMENT OF THE AIR FORCE
"CHIEF, U.S. ARMY LOGISTICS ' .
ASSISTANCE OFFICE, FORSCOM ' HQ, USAF
ATTN: AMXLA-FO (MR PITTMAN) 1 ATTN: LEYSF (COL LEE) l

FT MCPHERSON GA 30330 WASHINGTON DC 20330
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HQ

'AIR FORCE SYSTEMS CMD

ATTN: AFSC/DLF 1
ANDREWS AFB MD 20334 '

-

CDR - -
US AIR FORCE WRIGHT AERONAUTICAL

LAB
'ATTN: AFWAL/POSF (MR CHURCHILL) 1
WRIGHT-PATTERSON AFB OH 45433-
6563

CDR
“SAN ANTONIO AIR LOGISTICS
CTR o
ATTN: SAALC/SFT (MR MAKRIS) 1
SAALC/MMPRR : ' 1
KELLY AIR FORCE BASE TX 78241

OTHER GOVERNMENT AGENCIES

-~ NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION 1
LEWIS RESEARCH CENTER
CLEVELAND OH 44135

BFLRF No. 224
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
ATTN: AWS-110 |
800 INDEPENDENCE AVE, SW
WASHINGTON DC 20590

US DEPARTMENT OF ENERGY

ATTN: MR ECKLUND (CE-151) 1
MR H N GILES (EP-531) 10

FORRESTAL BLDG.

1000 INDEPENDENCE AVE, SW

WASHINGTON DC 20585

ENVIRONMENTAL PROTECTION
AGENCY

AIR POLLUTION CONTROL 1

2565 PLYMOUTH ROAD

ANN ARBOR MI 48105
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